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PUBLISHER’S NOTE 

The principal objective of the Publication Division of the University 
of Calicut is to publish textbooks and other research-oriented and 
socially relevant books at a reasonable price without compromising 
on quality of production. The reading public, comprising mainly 
students and teachers, with overwhelming enthusiasm, has received 
all the books brought out so far. 

This book, Indian Scientfic Traditions (Prof K. N. Neelakantan 
Elayath Felicitation Volume), edited by Dr. N. V. P. Unithiri, is the 
nineteenth book in Calicut University Sanskrit Series. The Publication 
Division acknowledges its profound gratitude to the Vice Chancellor, 
Members of the Syndicate and Dr. N. V. P. Unithiri for their 
wholehearted co-operation in publishing this volume. 
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INTRODUCTION 

I have great pleasure to introduce the book, Indian Sciehtfic 
Traditions, in felicitation of my colleague, Prof. K. N. Neelakantan 
Elayath, who is retiring from the Department of Sanskrit, University of 
Calicut, on 31 st March 2003. This is the nineteenth book in the Calicut 
University Sanskrit Series. 

Sanskrit studies are generally confined only to Vedas, Itihasas, 
Puranas, Kavyas, Natakas, Alankarasastra, Vyakarana, Darsanas and 
the like. It is not well known that Sanskrit has also a vast literature on 
scientific and technological subjects like astronomy and mathematics, 
architecture and engineering, medicine, chemistry and botany, music 
and dance, law and politics. Of course, studies of medicine (Ayurveda) 
and astronomy and mathematics (jyotissastra and ganita) were included 
in the syllabi in ancient and medieval India. And now also the practice 
is continued. But they have not been in the main stream. The result is: 
Scientists are not aware of the presence of this abundant literature in 
Sanskrit, and the Sanskritists are not competent to study and impart it 
to the world of Scientists. So there should be a conscious effort on. the 
part of both the Scientists and Sanskritists to sit together and explore all 
possibilities that this bulk of literature contains. 

Now, not many studies on this literature have come out. Founders 
of Science in Ancient India by Satya Prakas, A Concise History of 
Science in India edited by D. N. Bose, S.N. Sen and B:V. Subbarayappa, 
The Positive Sciences of Ancient Hindus by B. N. Seal, The History of 
Hindu Chemistry by P. C. Ray, The History of Hindu Mathematics by 
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Datta and Sing, Science and Society in Ancient India by Debi Prasad 
Chattopadhyaya, Science in the Vedas by Hans Raj, Science in the 
Vedas by V. N. Sastri, Positive Science in the Vedas by D. D. Metha, 
Technical Literature in Sanskrit edited by S. Vekitasubramonia Iyer, 
Scientfic Heritage of India in two volumes (Mathematics and Ayurveda) 
edited by K. G. Poulose, Indian Astronomy by Subbarayappa et al, 
Historical View of Hindu Astronomy by J. Bently, Hindu Astronomy 
by W. Bernnand, Algebra with Arithmetic and Mensuration from the 
Sancrit of Brahmagupta and Bhaskara by H.T. Colebrooke, The Science 
of the Sulba- A Study in Early Hindu Geometry by B. Datta, Ancient 
Indian Mathematics and Vedha by L.V. Gurjar, Astronomy and 
Mathematics in Kerala by K.K. Raja, A History of the Kerala School 
of Hindu Astronomy by K.V. Sarma, Observational Astronomy in India 
by K. V. Sarma, A Critical Study of the Ancient Hindu Astronomy in 
the Light and Language of the Modern by D. A. Somayaji, The Elements 
of Plane Geometry in 48 Propositions from the Sanskrit Text of 
Aryabhata by Y. Sarkar, The History of Ancient Indian Mathematics by 
C. N. Srinivas Iyengar, An Encyclopedia of Hindu Architecture by P. 
K. Acharya, Indian Architecture (three volumes) by M. A. Ananthalwar 
and A. Rea, Elements of Hindu Iconography (two volumes) by T. A. 
Gopinatha Rao, Indian Architecture {two volumes) by Percy Brown, 
An Architectural Survey of Temples of Kerala by K.V. 
Soundararajan, Vastuvidyapravesika - A Text book of Vastuvidya 
and Vastuvidhanadipika - Design in Vastuvidya , both by Dr. 
Balagopal T. S. Prabhu and Dr. A. Achyuthan are among the 
prominent studies. Still there may be some more works in English 
and many in regional languages. 

But, in the historiography of Science, no attempt was made so far, 
comparable to that done by Dr. Joseph Needham (1900-1995). His 
monumental project of SCC (The Science and Civilisation in China) 
has gained international reputation. Seventeen large volumes of this 
book have already been published. Some more volumes are under 
various stages of publication. 

Taking Dr. Needham as a model, the late Prof. Debi Prasad 
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Chattopadhyaya launched a project to write a comprehensive History 
of Science and Technology in Ancient India. The first two volumes of 
the book had already been published in his lifetime. The third one, 
though very short, was also published posthumously. History of Science, 
Philosophy and Culture in Indian Civilization (in several volumes, 
43 volumes have already been completed), the General Editor of 
which is D. P. Chattopadhyaya, is especially to be remembered 
in this connection. 

Department of Sanskrit, University of Calicut, has, since its inception 
in 1977, been showing interest in this subject. In M.A; M. Phil, and 
Ph.D. Programmes of the Department, technical literature in Sanskrit 
has also been included. Two National Seminars were organized by 
the Department, one on 1- 4 July, 2000 with the financial assistance 
of the Ministry of Human Resource Development, Government of 
India, and another on 5-6 November, 2002, with the financial assistance 
of Rashtriya Sanskrit Vidyapitha, Tirupati (Deemed University). We 
have now decided to bring out a collection of papers, most of which 
were originally presented in the above mentioned seminars. 

When we think about Science and Technology in ancient and 
medieval India, we have to clarify one point: To put in lucid terms. 
Science is a set of theories based on some axioms and Technology is 
the practical application of the said theories. The theories developed 
by Science can be verified and put to test under given conditions. And 
hence, experimentation and verification are essential elements of 
Science. This conventional concept of Science in Western tradition 
has query and investigation as its basis. In ancient and medieval India, 
as in the case of any Other old civilizations of the world, many branches, 
which we now group under the head of pure sciences, were developed. 
Mathematics, Astronomy, Architecture, Medicine and Agriculture are 
some such subjects like Philosophy, Linguistics, Economics, Poetics, 
Polity, Statecraft, etc; which in the modern view come under cultural 
studies, have also been studied in ancient and medieval India. The 
common term used to denote all these branches of learning, whether 
it is Science, Arts or Humanities, is Sastra in Indian tradition. Sastra is 
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often defined as that which ordains. Sometimes it is defined as 
ajnatajnapakam (i.e. a valid means of knowledge, which cannot be 
attained by any other means). These very definitions show the irrefutable 
and infallible nature of Sastra. This naturally goes against the inquisitive 
tradition of the Western Science. But, one should not think that Indian 
tradition forbids one from questioning and striking a note of difference. 
Within a set frame, one is free to think, question and discuss things. 
This is one of the many internal contradictions, which ancient and 
medieval Indian tradition poses before us. It is because of this, we 
have a vast corpus of commentarial literature in Sanskrit. While 
interpreting the basic text in a novel way, every commentator strives 
hard to establish that his is the faithful interpretation. Along with this 
main stream of tradition, there always existed side streams and opposing 
currents, which kept the society progressing and the horizons of 
knowledge expanding. Of course, both these streams find their place 
in this book entitled “Indian Scientfic Traditions”. 

This book is divided into two parts. Since this volume is in felicitation 
of Prof. K. N. N. Elayath, Part A is intended to introduce him through 
his bio-data. Part B contains three sections. Section I has nine essays. 
The first of them, namely, “Scientific Methodology in Ancient India” 
by Prof. K. N. N. Elayath forms an introduction to all the articles 
included in this book. Remaining eight articles in this section are on 
astronomy and mathematics in ancient and medieval India. Of them 
the first two are of general nature. Prof. C. P. Narayanan has made an 
objective assessment of the development of Indian mathematics in 
which he points opt what should we do to propagate the achievements, 
inherited from our ancestors. At the same time, he warns against the 
misguided and ill-advised propaganda that is going on in this field. 
Next article gives a general idea about the Kerala School of Indian 
astronomy and some prominent astronomers, based on K.V. Sarma’s 
works. In the fourth paper. Dr. K. S. Subramanian Moosath examines 
the most famous work in this branch, Aryabhatiya, from the viewpoint 
of a modern mathematician. Dr. N, K. Sundareswaran, in his couple 
of articles, brings forth the salient features of Kelallur Nijakantha 
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Somayaji’s two important works, namely, Aryabhatiyabhasya and 
Tantrasarigraha. Nilakantha Somayajis Jyotirmimamsa is a unique 
treatise, which reveals the scientfic methodology, followed by ancient 
and medieval Indian astronomers. Sadratnamala of Katattanattu Sankara 
Varma is a handbook that comprehensively deals with almost all the 
things treated by medieval Kerala mathematicians and astronomers. 
K.V. A. Rama Poduval’s Ganitaprakasika is a karana text of considerable 
merit. These three treatises are analysed in the following three essays 
by Dr. K. Sekharan, Dr. N. V. P. Unithiri and Dr. E. Sreedharan. 

Section II contains twelve articles pertaining to Ayurveda and allied 
Sciences. Dr. E. R. Ramabhai, in her essay, presents the definition, 
division, symptoms and treatment of the disease of blindness according 
to Vagbhata’s Astangahrdaya. The content analysis and significance 
of the two basic texts of Ayurveda, namely, Carakasamhita and 
Susrutasamhita are the subject matter of the following couple of papers 
written by Dr. A. P. Haridasan and Dr. M. I. George. V. G. Thanu’s 
article is the next one, which summarises the contribution of 
Vaidyaratnam P. S. Warrier, who is considered as a doyen in the field 
of the renaissance of Ayurveda. Then we have an expositon of 
Elephantology in India by Dr. P. Narayanan Namboodiri, based on a 
few books in that branch of knowledge. Dr. N. V. P. Unithiri elabarately 
deals with Vrksayurveda portions of Brhatsamhita and 
Sarngadharasamhita in the next paper. Plant Science in 
Sarngadharasamhita is separately analysed by Dr. C. Narayanan in his 
article. Dr. M. P. Kannan makes some observations on Indian Chemisty 
and Dr. K. Muthulekshmi gives an outline of the history of Indian 
chemistry. Next we have three articles on Physics. Dr. K. N. N. Elayath 
examines the structure and evolution of matter on the basis of the 
doctrines of satkaryavada and arambhavada, put forward by Sankhya 
and Vaisesika systems of Philosophy. Dr. P. M. A. Rahiman deals with 
atomism in different systems of Indian Philosophy. In the last one of 
them. Dr. P. C. Muraleemadhavan invites our attention to some Vedic 
concepts on the sources of energy. 

Section III is devoted for Architecture and Environmental Sciences. 
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Fifteen papers are included in this section. The first one is an in-depth 
study of indigenous knowledge base of traditional architecture of Kerala, 
made by Dr. A. Achyuthan and Dr. Balagopal T. S. Prabhu. The next 
paper is a syrvey of works relating to Kerala architecture written by 
S.A.S Sarma. The Third one is on iconography and sculpture, where 
Dr. Balagopal T. S. Prabhu highlights all the relevant points as reflected 
in SUparatna and other authoritative texts. Dr. Jayan Erancheri 1 1 lam 
and Dr. K. N. N. Elayath write on Tantrasamuccaya and a Manipravala 
text, Putayur Bhasa, respectively. In the next paper. Dr. Unithiri is 
making an attempt to esablish that Tantrasamuccaya is more or less a 
free adaptation of Putayur Bhasa. Following this, we have articles on 
three prominent treatises, namely, Manusya/ayacandrika, SUparatna 
and Brhatsamhita prepared by Jyotsna G., Dr. Unithiri and Dr. P. 
Manoharan. Anandakrishnan Kunholathillath gives us a picture of town 
planning in ancient India in his essay. Dr. C. Rajendran points out the 
intimate relation between Vastuvidya and Ecology. He, in another 
paper, provides an exhaustive study of environmental awareness in 
ancient India. Dr. C. M. Nilakandhan writes on the ecological awareness 
in the Vedas. Environmental Activism that now we experience all 
over India is the subject matter of Dr. P. V. Ramankutty’s article. Dr. 
P.V. Narayanan’s “Arthasastra: Scientific and Technical Aspects” is 
the last paper of this volume. 

Thus, this volume, I hope, will inspire Sanskrit scholars as well as 
Scientists to take up combined projects and to make substantial 
contributions to the studies on Scientific Heritage of India. 


PART A 

Professor K. N. Neelakantan Elayath 


Dr. N. V. P. Unithiri, 

Professor and Head of the Department of Sanskrit, 

University of Calicut. 


T6 
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PROFESSOR K. N. NEELAKANTAN 
ELAYATH 

Born at Vazhoor, Kerala, on 27th February 1944. K.N. Neelakantan 
Elayath studied in Sree Sankara College at Kalady and took his B.A. 
Degree in Sanskrit in 1964 securing first calss and raink. He did his 
post graduation in Vivekananda College at Madras, and the Dept, of 
Sanskrit, Madras University and secured M A degree in Sanskrit in 
1966 with first class and second rank. During his post graduation he 
had the opportunity to study under eminent scholars like Dr. V. 
Raghavan, Dr. K. Kunjunni Raja, V. R. Kalyanasundara Sastrikal, Prof. 
Tirujnanasambantam and S.Subrahmanya Sastrikal. Later he joined for 
M Lit. and carried out research under Dr.V. Raghavan on 
Anubhutisvarupacarya but left it on his appointment in the Madras 
Government Collegiate Service. Till 1969 he worked as Assistant 
Professor of Sanskrit in Government Arts College at 
Kumbakonam,Tanjore District, and later left the job and joined the 
Department of Sanskrit, University of Kerala, for Ph.D. as a UGC 
Research Fellow. He carried out his research under the guidance of 
Dr. A.G. Krishna Warrier who by then had joined as- Professor and 
Head of the Dept, of Sanskrit at the Himachal Pradesh University, 
Shimla. In 1975 he got PhD in Sanskrit for his thesis The Ethics of 
Sankara. From 1972, for more than a decade, he taught Sanskrit at 
Sree Krishna College, Guruvayoor, and in 1984 he joined the Dept, of 
Sanskrit, University of Calicut, as Reader in Sanskrit. From 1 990 onwards 
he is Professor of Sanskrit at Calicut University. 
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Professor K. A. flee/akandan Eiayath 


As a teacher for nearly three decades he has not only taught 
generations of students but also has guided many students in their 
research leading to Ph.D. from 1978 onwards. He has produced 15 
M.Phil-s and 8 Ph.D.-s besides himself carrying out considerable 
research. He has brouht out publications, both papers and books, in 
various disciplines like Literary Criticism, Language Studies, Technical 
Sciences like Architecture and Music and Darsanas like Mimamsa, 
Yoga and Vedanta, though Advaita Vedanta always remained his most 
favorite subject. 

In addition to teaching and research, he has attended All India 
Oriental Conferences and participated in National and International 
seminars, Philosophical Congress, Colloquiums and Workshops either 
as delegate or as resource person in different parts of India. He 
coordinated 8 Refresher courses in Sanskrit with different thrust areas 
in the Academic Staff College of the University of Calicut. 

From 1975 onwards he has been serving as Member of the 
Post Graduate Board of Studies in Sanskrit, Member of the Faculty of 
Languages, and Member of the Academic Council of the Calicut 
University. In addition to being a subject expert for Indian Council for 
Philosophical Research and an expert for UGC Minor Research project 
for sometime, he has also served as Member of several appointment 
committees for the selection of Professors in many South Indian 
Universities. Presently he is a Member of Syndicate, Sree Sankaracharya 
University of Sanskrit, Kalady. 

In 1 984 he won the award of the Kerala Sahitya Academy for Vedic 
studies for his work in Malalyalam Advaitadharmam. 

PUBLICATIONS 

BOOKS 

1 . T he Concept of Jivanmukti, Academic Publications, Trivandrum, 1 975. 

2. Advaitadharmam, State Institute of Languages, Trivandrum, 1984. 

3. The Ethics of Sankara, Calicut University Sanskrit Series, No.4, 1990. 
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4. Contemporary Approaches to Indian Philosophy (Co- Ed), Calicut 

University Sanskrit Series No.8, 1999. 

5. Svaritam (Collected Papers), Lipi Publishers, Calicut, 2001 . 

6. Indian Traditions of Management (Co-Ed.), Calicut University 

Sanskrit Series, No.14, 2002. 

7. Advaita Theory of Meaning, 2002 (in print). 

8. Scientific Methodology in Ancient India, Calicut, 2000. 

9 . Avaidikadarsanasahgraha of Gangadhara Vajapeya Yaji, Calicut, 2003. 
SELECT RESEARCH PAPERS 

Published more than 1 00 Research Papers in English and Malayalam 
on Vedanta, Alahkara, Language Studies, Management Studies, Indian 
Architecture, Scientific Literature, Indian Philosophy and Performing 
Arts in National & International Journals and books. A few among them: 

1. Intention as Semantic Condition in Panini, Aspects of Paninian 

Semantics, Sahitya Academy, New Delhi, 2002. 

2. K_rsnanattam-The Sanskrit Dance Drama of Kerala, Living Traditions 

of Natyasatra, New Bharatiya Book Corporation, New Delhi, 2002. 

3. Indian Philosophy and Human Resource Management, Indian 
Traditions of Management, Calicut University Sanskrit Series No. 
14, 2002. 

4. Ampalapuzha, Encyclopedia of Hinduism, University of South 

Carolina, USA, 2001. 

5. Ambalavasi, Encyclopedia of Hinduism, University of South Carolina, 

USA, 2001. 

6. Anjam Madhavan Namputiri, Encyclopedia of Hindusim, University 

of South Carolina, USA, 2001. 

7. Advaita Philosophy of Language, Contemporary Approaches to 

Indian Philosophy, Calicut University Sanskrit Series, No.8, 1999. 

8. Textual Tradition on Archetecture based on Putayur Bhasa, 

Proceeding of the Seminar on Architecture, Indira Gandhi National 
Center for Arts, New Delhi, 2001 . 
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9- Herrnenutics (Malayalam), Vijnanakairali , Trivandrum, August 
1999. ' 

10. Law & Administration in Kalhana’s Rajatarangi n i , Dr. 
Sivakumaraswamy Felicitation Volume, Bangalore, 1 998. 

1 1- Sankara’s Ideal- The Question of Relevance, Adi Sankaracharya 
l2 "' Centaury Commemoration Volume, Govt, of Gujarat, 1992. 

2 - Types of Sentence in Advaita Vedanta, Sri Venkiteswara University 
Journal, Vol. XXVIII, 1993. 

1 3. Sankara s System of Karmasannyasa, Vishveswaranand indoiogicai 
Journal, Hoshiarpur, April,1992. 

14 ‘ Ph| losophical Heritage of South India (Malayalam), Vijnana Kaira/i, 
Trivandrum, October, 1991. 

1 5. Sentence and its Meaning in Advaita Vedanta, Journal of the Oriental 
Research institute, Baroda, December, 1989. 

16. The Ethical Interpretation of Tattvamasi, Perspectives of Sankara, 
Proceedings of the International Seminar on Sankaracarya, New 
Delhi, January, 1 991 . 

7. Madhusudanasarasvati s Concept of Aesthetic Experience, 
Proceedings of the AH India Oriental Conference, 34 ,h Session, 
Waltair, 1989. 

18. Sankara’s Attitude towards Sudras, Purnatrayi, Ramavarma 
Samskrita Granthavali Journal, Tripunithura, June-December, 1 989. 

1 9- Sankara’s View on Caste (Malayalam), Samskarakeraiam, Govt, of 
Kerala, Trivandrum, July-September, 1989. 

20. Advaita Darsana in Kerala (Malayalam), Samskarakeraiam, Govt, 
of Kerala, Trivandrum, January- March, 1989. 

21 . Religion and Future India, Calicut University Employees Souvenir, 
1987. 

22. Avaidikadarsanas (Malayalam), Bhaktapriya, Guruvyoor 
Devaswom, 1986. 

23. Mammata on Sabdavyapara, Malaya lavimarsam (Vol .1 II), Calicut 


University, December, 1985. 

24. Pratyabhijnadarsanam (Malayalam), Ma/ayalavimarsam (Vol.V) 
Calicut University, July 1985. 

25. The Message of Upanisads, Guruvayoor Ekadasi Souvenir, 1 983. 

26. The Advaitacaryas of Kerala (Malayalam) Vijnanakairali, State 
Institute of Languages, Trivandrum, May, 1979. 

27. Freedom of Will and Action in Sankara’s Philosophy, Journal of 
the Oriental Research Institute, Baroda, March-June, 1979. . 

28. Evolution and Ethics (Malayalam), Vijnanakairali, State Institute of 
Languages, Trivandrum, June 1979. 

29. Swami Vivekananda and Future India (Malalyalam), 
Prabuddhakeraiam, Trichur, May, 1 976. 

30. Advaita and Progress (Malayalam), Prabuddhakeraiam, 
Sriramakrishna Math, Trichur, November, 1975. 

31. Jivanmukta and Karma (Malayalam), Prabuddhakeraiam, 
Sriramakrishna Math, Trichur, April, 1972. 

32. Sangitacikitsa (Malayalam), Mathrubhoomi Weekly, 11 th June, 
1972. 

33. Abhicaram (Malayalam), Malayalam Encyclopedia, Vol. II, Govt, 
of Kerala. 

34. Atharvavedam (Malayalam). Malayalam Encyclopedia, Vol, II. Govt, 
of Kerala. 

35. Metaphysics and Ethics in Sankara, Vedantakesari , Sri Ramakrishna 
Math, Madras, April 1972. 

36. The Concept of Duty in the Bhagavadgita, Vedantakesari, Sri 
Ramakrishna Math, Madras, April 1972. 

SELECT LIST OF RECENT LECTURES AND PAPERS 

1 . Krishnanattam as a Dance Drama, Seminar on Living Traditions in 
Natyasastra, UGC Seminar, Dept, of Sanskrit, Calicut University, 
Nov. 95 
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2. Hermeneutics and Literary Theories, Seminar on Contemporary 
Literary Theories, S.S University of Sanskrit Kalady, 25.10.96. 

3. Nila’s Literary Tradition in Sanskrit, National Seminar on Nila, Govt. 

Sanskrit College, Pattambi, 11.02.1998. 

4. HRD Management in the Bhagavadgita. National Seminar on Some 

Aspects of Management in Ancient India, Aligarh Muslim 
University, 22.3.1998. 

5. Intention as a Semantic Condition in Panini, National Seminar on 

Panini and Modern Semantics, Sahitya Academy, New Delhi and 
Dept, of Sanskrit, Calicut University. 

6. Sankara and Yoga, National Seminar on Influence of other Darsanas 

on Advaita, Sree Sankara College, Kalady. 19.3.1999. 

7. Structure and Origin of Matter: Nyaya-Vaisesika Dichotomy, National 

Seminar on Applied Sciences in Sanskrit Literature, Agra University, 
Agra, 21.2.1999. 

8. Hermenutial Tradition in Vedanta Philosophy, Lecture, S S University 

of Sanskrit, Kalady, 12.3.1 999. 

9. Sanskrit Commentaries in Kerala, National Seminar on Sanskrit 

Writings after Independence, University of Poona, 30.1 1 .1999. 

10. Scientific Methodology, National Seminar on Scientific Heritage 
of India, Govt. Sanskrit College, Pattambi, 28.1 .2000. 

1 1 . Temple Archetecture based on Putayur Bhasa, National Seminar 
on Sastra & Prayoga in the Architectural T raditions of Kerala, Indira 
Gandhi National Center for Arts New Delhi& Calicut University, 
24.2.2000. 

12 Sankara and his Modern Interpreters, Seminar on Vadanta, S.S. 
University of Sanskrit, Regional Center, Trivandrum, 23.1 1 .2000. 

13. Kunjikutti Tankacci, Seminar on Kerala Music, AIR & Dept, of 
Sanskrit, Calicut University, 24.1 1 .2000. 

14. Research in Sanskrit Problems & Prospects, Refresher Course in 
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Scientific Methodology 
in Ancient India 

K. N. Neelakantan Elayath 

In addition to the sizable output in religion, philosophy and 
literature Sanskrit has vast store of writings on scientific subjects like 
mathematics, astronomy, chemistry, medical science and 
architecture. Though ancient Indians have made astounding progress 
in some of these basic and applied sciences, the methodology and 
arguments employed by them are not properly studied or investigated. 
Hence the reconstruction of ancient scientific methodology becomes 
a task for those who want to work on Indian science. Many of these 
works written in Sanskrit envisage knowledge of scientific postulates 
and other general notions. And Indian scientists might have employed 
several methods of investigation, as in other parts of the globe. But the. 
ignorance of these methods has affected the proper understanding and 
assessment of Indian scientific thought, even to the extent of doubting 
the originality of their scientific achievements. 

Historical Perspective 

Even from the period of Rgveda Indians were aware of the laws of 
Nature that governed phenomena and of the definite laws of causality. 
In spite of the tremendous advancements in mathematics, these laws 
were not stated in terms of mathematics. No mathematical theorizing 
to account for physical phenomena is available in the scientific literature 
of India. Mostly, physical phenomena was qualitatively defined and 
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not quantitatively. And many Sanskrit literatures pertaining to science 
are silent about the methods and many notions remain to be discovered 
from available commentaries. 

Thus we have to put together the clues availabe in scientific and 
philosophical works and their commentaries and various other sources 
and reconstruct the methodologies employed by Indians in scientific 
investigations. 

Indians from a very early period distinguished between 
religion, philosophy and science. If there had been any overlapping it 
was because of the holistic attitude developed by them. The 
concept of two types of knowledge systems as superior and 
inferior (para vidya and apara vidyaj in the Upanisads and the later 
notion of rational philosophy (anviksikf) and religious studies (trayl) 
are indicative of this attitude. Both in science and philosophy the basic 
methodologies are the same. All the postulates of science are accepted 
in philosophy also. The difference is that philosophy goes further into 
regions where science usually does not enter. And this is true even in 
the case of ancient Indian science. 

Indian Context 

Scientific method is the collective name for the process of 
investigation. Though its main features are observation and 
experimentation, it consists of several steps. They are formation of a 
hypothesis, defining concepts, making deductions from the hypothesis, 
collection and analysis of data, verification by experiments and finally 
integration of the result to the existing body of knowledge. Systematic 
doubt, verification and universality are the main features of this method. 
The scientific postulates include, also fundamental laws of thought 
and logic, like the principle of identity and the principle of contradiction. 
And it proceeds from certain basic assumptions like principle of 
casuality, principle of objectivity, principle of empiricism and principle 
of parsimony. The ancient Indian scientists accepted all these postulates 
and they followed all the procedures. But the details are not properly 
known. Dr. K.V Sarma ascribes this to a particular trend in Indian 


tradition of “not keeping the record of the intermediary steps and 
arguments once the result is obtained”. New formulations of theories, 
and frequent corrections and amendments made by subsequent writers 
especially in astronomy and mathematics may be a pointer to their 
deviation in methodology. In spite of the absence of details in many 
scientific treatises, we find considerable progress in the employment 
of scientific method in the early systems of Indian philosophy, especially 
in realistic and naturalistic philosphies like Nyaya, Vaisesika and 
Sankhya systems. These systems comprehended scientific method in 
the larger spectrum of pramanasastra, the science of valid means of 
cognition. All problems related to this were discussed under this head. 
They formulated several theories on the structure, origin and evolution 
of matter in their cosmological speculations. To attribute certain 
phenomena to “unseen power” (adrsta) may be due to the ignorance 
of proper methodology or absence of proper instruments. Pratibha 
(intuition) and imagination also might have played an important role 
in their scientific investigations. But its excessive application was often 
checked by pramanasastra. We find an elaborated discussion on 
pramanas in most of the philosophical treatises of ancient India. These 
pramanas are accepted in all the scientific disciplines and some 
branches like Ayurveda has contributed substantially to the theory of 
pramanas. 

Divinity of Scientific Knowledge 

The traditional belief is that most of these sciences like 
religion are of divine origin. And even some of the scientific 
treatises in Sanskrit seem to endorse this view (brahman! upadistahA 
In fact, science in ancient India, as in any other parts of the world, is 
the result of observation and experiment. It is interesting to note that 
Nilakantha Somayaji, a prominent medieval astronomer of Kerala, in 
his Jyotirmimamsa, clarified the exact nature of the so called divine 
instruction. He points out that ‘divine-instruction’ does not mean direct 
instruction by Gods but only chastening of the intellect through divine 
grace as a result of which authors could express their thought logically: 
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“granthakarane devataprasadah mativaimalyahetuh tasya kutah 
pariksanam? brahmanah sarvajnatvat .... avitathatvaniscayat iti cet, 
manda, maivam, devataprasado mativaipulyahetureva. na ca brahma 
adityo va svayamevagatya u pad i set, tasmat brahmanopadistamityetat 
aryabhatiyavakye naiva viruddham” (p.2) 

[In the composition of the work, the blessing of God is the cause of 
clarity of the intellect (if some body raises the objection). Because 
Brahma is omniscient and his words infallible, why should you examine 
them? Fool! it is not the case. The Divine grace is only the cause of 
sharpening of the intellect. Not that Brahma or the Sun God will come 
down and give instructions. So there is no contradiction in the statement 
of Aryabhatiya that this knowledge is the divine instruction of Brahma], 

He also points out a passage from Taittariya Aranyaka (1 .2.1 ) which 
says that the means of determining the planetary positions are smrti, 
pratyaksa, aitihya and anumana (recollection, perception, 
tradition and inference respectively: 

smrtipratyaksamaitihyam anumanam catustayam / 
etairadityamandalam sarvaireva vidhasyate// 

Interestingly a commentator glosses pratyaksa in the above verse 
as saksipratyaksa or yogipratyaksa. One may thus conclude that as in 
the case of European science, Indian science was also the result of 
observation and experiment and not a product of speculation, intuition 
or introspection. 

B. N. Zeal in his Positive Sciences of the Ancient Hindushas shown 
that in the investigation of any topic, Indian scientific 
methodology accepted the following procedures. 

1 . Proposition of the subject matter (uddesya) 

2. Ascertainment of the essential character by pramanas 
resulting in definitions (iaksana) 

3. Examination and verification (pariksa and nimayaj 

The truth established through these procedure was called siddhanta, 
conclusion. However all pramanas are subsidiary to siddhanta and all 
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the scientific methods are auxiliary to pramanasastra. 

The Test of Truth 

The ultimate criterion of truth is considered to be 
samvadipravrttijanaka that which culminates in fruitful activity. It is 
not coherence but correspondence with external objects. This is 
included in the discussin on pramanasastra, which deals with sources 
of human knowledge and its verification. The problems of pramanas 
are one of the major issues discussed in detail in most of the systems of 
Indian philosophy. 

Observation 

Indians include observation as a scientific method in pratyaksa or 
perception. The nature of perception and its limits were 
carefully studied. The infra sensible (atindriya), the observed, abhibhuta 
like the star in the mid day light, the unmanifest or potential (anudbhuta) 
are clearly distinguished. In pratyaksa the Naiyayikas insisted on the 
completion ofthe circuit of the consciousness and the minimum visible- 
the trasarenu- was identified. The conditions of non-perception were 
clearly defined and their listing by Sankhya philosophers is quoted in 
Carakasamhita. 

Atidurat samipyad indriyaghatan mano’ navasthanat / 

Sauksmyad va vyavadhanad abhibhavat samanabhiharacca // 

(Non-perception may be) due to extreme distance, extreme 
proximity, defective organs, non-steadiness of the mind, subtlety, 
veiling, suppression and blending with what is similar) 

The word ‘ca ’ (and) here refers to similar causes like the 
non-manifestation of effect in the cause. 

Indians have also studied the fallacies or defects of observation 
resulting in illusion (bhrama) or superimposition (a ropa / adhyasa). 
Errors of observation was one of the important topics discussed in 
philosophical treatises under the head ‘theory of illusion’ (khyativada). 
According to Naiyayikas perceptive knowledge becomes erroneous 
due to the defect of the sense-organ (as in the case of eye in jaundice) 
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defect of stimulus (sahakari) like the absence of proper light, undue 
distance etc. in vision; rousing of the memory of similar objects 
( samprayoga ) and the influence of mental dispositions like habit, 
prejudice etc. The detailed discussions on perception and its fallacies 
in different darsanas bring out the importance attached by Indians to 
scientific observation. In specific sciences, the phenomena were clearly 
observed and analyzed. Since the ancient Indians did not possess 
sophisticated instruments most of the scientific theories must have been 
formulated by the power of observation. Observation was the basis of 
many physical, chemical and astronomical theories. This also led to 
the method of classification, one of the important scientific processes. 
The definition and classification of categories, substances and qualities 
in Nyaya-Vaisesika system are based on observation. In Ayurveda 
several theories are the result of precise and minute observation. In 
meteorology, weather fore-casts were made by the observation of the 
clouds and other atmospheric phenomena. 

In scientific-planetary-astronomy i/yotissastra) Indians have reached 
a remarkable degree of progress. For the determination of lunar 
constants determining the lunar periods and eclipses they went a step 
further. They scanned the heaven for iong periods and revised 
astronomical parameters. It is recorded that Paramesvara, the Kerala 
astronomer, made observations of eclipses and configuration of planets 
for 55 years before formulating drgganita. Theories of planetary motion, 
computation of eclipses, theory of the rotation of the earth etc., were 
the result of observation of physical phenomena. The classification of 
insects in Zoology and classification of plants in Botany though based 
on external characters, are the result of repeated observations. 

Inference 

As in philosophy, in all branches of science, inference or anumana 
was employed as a foolproof method of investigation. However, the 
Naiyayikas and the Buddhists worked out its theoretical details. This is 
a process of ascertaining the truth through the medium of mark (lihga) 
that a thing possesses. It is therefore based on the establishment of 
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invariable concomitance (vyapti) between the mark and the object 
inferred. It is a rigorous formal statement in the form of five propositions- 
proposition to be established (pratijna), the reason (hetu) ascription of 
the mark, the general proposition stating the vyapti with an example 
(udaharana), ascertainment of the existence of the mark (upanaya), 
and finally the conclusion (nigamana). The Buddhists accept causality 
and identity (tadutpatti and tadatmya) as the ground of inference. Vyapti 
or invarible concomitance is established by agreement in presence 
(anvaya) and agreement in absence (vyatireka). According to later 
Naiyayikas it is invariable and unconditional concomitance between 
two phenomina . Even a suspected condition (sahkitopadhi) should 
be absent and this can be removed by repeated observation 
(bhuyodarsana). 

In addition to inference a hypothesis (kalpana) properly tested and 
verified was considered as a method to ascertain a certain 
phenomena. Jayantabhatta in his Nyayamanjari says that a proper 
hypothesis should fulfill the following conditions: 

1. It should not be in conflict with other observed facts or 
established thesis (drstasiddhaye na drstavighataya adrstam kalpyate) 

2. No unobserved agencies should be assumed when it is possible to 
explain the fact by observed agencies (drstakalpana) 

3. When there are rival hypothesis the simpler should be preferred 
(laghava) 

4. When there are different hypotheses the immediate and relevant 
should be adopted rather than the remote (prathamopasthita) 

5. Hypothesis should be verified by showing that it is deducted from a 
general proposition already established. (See B.N. seal) 

Like perception this method of logic also was comprehended under 
the wider conception of pramanasastra. In fact, inference is one of the 
major methodologies of all sciences. 

In mathematics, astronomy and medical science this 
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inferential method was applied and we have general logic and logic of 
special sciences. A typical example is the application of logic in Indian 
system of medicine. Logic, as found in Caraka’s system is applied to 
the problems in the study of diseases, their causes, symptoms and 
remedies (Vimanasthana Ch. IV). 

Caraka at the very outset says that things are either existent or non- 
existent and they can be investigated by four pramanas - 
utterance of a reliable person (aptopadesa), perception (pratyaksa), 
inference (anumana), and continuous argument (yukti) (1.11.17). A 
detailed discussion on pramanas is taken up in the relevant 
context of the Carakasambita. He classifies anumana into three types: 
from effect to cause, from cause to effect, and from association other 
than causal relations. Yukti is sometimes differentiated from anumana. 
When a conclusion is reached as a result of the examination of various 
causes and considerations, we have yukti. The example Caraka gives 
is the forecasting of good and bad harvest from the conditions of the 
ground, rains, climatic condition etc. It is also called uha, a kind of 
guess work, by some commentators. According to others it is only an 
inference of the effect from the cause. 

Logic in Ayurveda had twofold function. It was used not only for 
diagnosing diseases but also for debating purposes. On the occasion 
of the treatments of illness of rich people, physicians had to show their 
skill in debates and establish their thesis. The art of carrying on a debate 
successfully was considered to be an essential qualification of a good 
physician. In Carakasambita we have an elaborate treatment of debating 
techniques and a whole chapter is set apart for its discussion 
(rogabhisagjitiya vimana , 1 1 1 . 8) . 

Caraka even goes to the extent of saying that hetu is the 
foundation of all knowledge - hetur nama upalabdhikaranam. And 
his four-fold classification of siddanta brings out the importance of 
discussion and debate in arriving at the truth (sarvasiddhanta, 
pratitantrasiddhanta, adhikaranasiddhanta and abhyupagama 
siddhanta). 
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In arithmetic and geometry Indian theories were very close to 
modern European science. Indians have worked out all 
achievements in these two disciplines by continuous hard work in the 
realm of abstract thought. 

Experiments 

Experiments have been always the major methodology in 
scientific investigations. For experimentations the ancient Indian 
scientists must have used some instruments, though the details of them 
are not fully known. It is possible that the astronomers in India used 
certain instruments for observation and experiments. In some context 
these instruments are casually mentioned but not described in detail. 
The golapada of Aryabhatiya mentions an automatically rotating 
golayantra (sphere) keeping pace with time for astronomical 
demonstrations. 

In Ayurveda experiments were conducted on the dead 
bodies. The reference to several sharp instruments in surgery 
reveals that there were experiments. Again the description of about 
five hundred herbs and their therapeutic uses would not have been 
possible without experiments. The knowledge of toxicology 
dealing with the nature and effects of poisons point to 
experimentations. Several toxic plants were identified and 
studied by them, in the kitchens of great rulers, experts in poisonous 
substances were employed to examine the food prepared for the king. 
This would not have been possible without experiments. 

In chemistry the preparation of medicines, preparation of 
colours and cosmetics presuppose the employment of experimental 
method. The knowledge of about eighteen mercury compounds and 
various chemical processes like extraction, purification, liquefying, 
melting, tempering etc. were the result of continuous trial and error 
method. 

In the field of ancient architecture (vastuvidya) which reached a 
high degree of perfection in India, all the achievements were the results 
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of centuries of experiments and theorization. Its concept of 
vastumandala from which design theories are derived to suit different 
types of buildings, its system of measurement yavamana and 
purusamana, the yoni concept (system of defining the orientation of 
vastu with respect to different directions) all point to experimentation. 
In the selection of a site suitable for the construction of a building a 
systematic method through experiment and observation is prescribed. 
The ideal site should satisfy the following conditions: even topology, 
fertile soil for useful plants, compact soil conditions for supporting 
the building, and availability of water and moderate climate. When 
most of these conditions are known through observation, compact 
soil condition is tested with experiments. To cite an example, a spot 
is first excavated and it is filled with excavated soil. If it is completely 
used for filling, then the ground is not compact and it is not suitable 
for building. If a good portion of the excavated soil remains even 
after filling, it shows the compact nature of the soil and so it is suitable 
for houses. The details of this process are furnished in 
Manusyalayacandrika and Brhatsamhita. 
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Development of Mathematics 
in India- Myths and facts 

G. P. Narayanan 

Mathematics is of basic importance in the development of 
knowledge as a whole, especially of science. The reason is that it deals 
with the most abstract and most general aspects of objects and 
phenomena while other branches of knowlege deal with their concrete 
and particular aspects. This is demonstrated by the bulk of discoveries 
made by our ancestors in mathematics and other branches of knowledge 
during the past thousands of years. 

But a clear picture of the contribution made by India in the past is 
not available since long periods of Indian history are still shrouded in 
darkness due to non-availability of material or our inability to decipher 
inscriptions available from Harappa and Mohanjodaro. In spite of this 
it is recognised by historians of science that India had made invaluable 
contributions to mathematics during the last 5000 years. 

The Europeans who came to India during the last 500 years made 
numerous attempts to belittlle and distort contributions made by India 
to various branches of knowledge, especially science. The same was 
the manner in which they treated other third world 
countries. Perhaps this was part of their strategy to establish their 
intellectual superiority over peoples in the colonies. If one cannot rise 
above others intellectually, then characterise them as pigmies that 
they look relatively smaller, such a characterisation of Indian knowledge 
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was making rounds in 1 8 ,h and 1 9 ,h centuries because of the arrogance 
of the imperialists and due to their ignorance of the contributions made 
by our ancestors. Only by 20 th century they started a review of their 
position on the basis of studies made by various scholars. Discovery of 
Harappa-Mohanjodaro civilization and the empire of Asoka through 
archeological studies compelled scholars all over the world to recognise 
that India had a long and rich history and that it had made invaluable 
contributions to various branches of knowledge. 

After independence serious efforts were made by scholars in India 
to study our past systematically and to find out data 
regarding the dark ages of India’s history through re-reading and deep 
study of available material and through archeological 
studies. Such studies have established that India had contributed much 
to the humanity’s wealth of knowledge. Our contributions to medicine 
in the form of Ayurveda, to sciences especially mathematics, to 
philosophy through the Buddhist-Jaina contributions as also Upanisads 
and to art in various forms are now recognised all over the world. 

The earliest Indian civilizations are considered to be those of 
Harappa, Lothal and Mohanjodaro. They had developed urban 
centres laid out with detailed planning. Since nobody has so far been 
successful in deciphering their scripts we do not know much about the 
wealth of knowledge they had inherited and created. But from the 
Vedic period we have records, however incomplete and scanty they 
may be. Thus we have Sulbasutras and Vedangas about 3500 years 
old developed by Baudhayana, Apastamba, Katyayana and others and 
Vedangajyotisa athored by Lagadha. The former shows that they knew 
about the problem of squaring a circle and had at least some idea of 
incommensurable numbers. Vedangajyotisa shows how far astronomical 
studies had developed in India till that time. After the Vedic period 
mathematics and other branches of knowledge thrived during the 
Buddha and Jaina periods up to 200 BC. Afterwards the tradition was 
kept up during the Kushana and Pandya dynasties. But the golden 
period of Indian mathematics was 400-1 200AD when rich 
contributions of Aryabhata, Varahamihira, Bhaskara I, Brahmagupta; 


Development of Mathematics 

Sridhara, Bhaskara II and others diversified , expanded and enriched 
Indian mathematics and spread its fame far and near. Afterwards 
one sees a decline in Indian mathematics, but in Kerala a School 
led by Madhava, Paramesvara and Nilakantha made major 
contributions to make it a forerunner of modern mathematics later 
developed in the West. 

Whether it be Sulbasutras, Vedangajyotisa, Aryabhatiya, 
Paricasiddhantika, Mahabhaskariya or other major contributions made 
by various other mathematicians and astronomers, they are 
milestones in the development of mathematics and astronomy not only 
in India but the world as a whole. Many mathematicians in India were 
ahead of the times. This is indicated by their contribution of zero and 
the number system based on the ten digits. Aryabhata’s theory of 
earth’s rotation on its axis was much ahead of others and the 
development of Gregory’s and Leibnitz’s infinite series for the inverse 
tangent and n, 200 years before they were developed in the West. 
Indian mathematicians were able to develop mathematics cogently 
and rigorously as is evidenced by contributions of Aryabhata, 
Bhaskara, Madhava and Nilakantha, to mention a few of the 
outstanding Indian mathematicians. 

Instead of highlighting these contributions and their importance 
and exhorting the present generation to emulate them, the authorities 
in recent years have started the practice of eulogising unscientfic and 
untenable pieces of knowledge developed in the past and prescribing 
them as subjects of study in educational institutions. One such area is 
astrology. Astronomy and astrology though appear to be a twin branch 
of science, astronomy is defined as the scientific study of “celestial 
bodies” by the Concise Oxford Dictionary, while astrology is assumed 
“the study of movements and relative positions of celestial bodies 
interpreted as an influence on human affairs”. While the former is 
recognised as true by all educated people, the latter is not acceptable 
to many. Nor are the interpretations and predictions by astrologers 
found to be universally true. Nor is it true to say that astrology had its 
origin in India. No mention of astrology is found in Vedangajyotisa by 
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Lagadha which is the oldest available (a few centiures before Christ) 
text on the subject in India. Even well known astronomers like 
Aryabhata do not make ar y mention of astrology while there is detailed 
treatment of the subject by Varahamihira and later authors. 

But material on astrology is available from Chaldea and Babylon, 
which form parts of the present Iraq, centiures before Christ and hence 
it is generally accepted that this branch of knowledge had its origin in 
these countries rather than in India. 

Though the calculations regarding motion of celestial bodies done 
by astrologers are generally found to be correct, their assumption that 
these bodies, particularly the Sun and planets influence the lives of 
human beings is not found to be logical, empirically true and hence 
scientific. Hence teaching astrology in our educational institutions to 
form part of our treasure of knowledge is neither prudent nor productive. 
It helps only to keep people superstitious, ignorant and lethargic. It 
will not help them to become enlightened. It will have the same effect 
on humanity as did Ptolemy’s theory of universe have on them during 
the middle ages. 

Another similar venture is the introduction of “Vedic Mathmatics” 
into the curriculum in recent years .The inspiration for this is a book 
with this title written by a former Sahkaracarya of Puri, Bharatikrishna 
Tirtha Maharaj, who is supposed to have written the book in 1960 
based on 1 6 sutras found in a parisista o i Atharvaveda available to him 
only. His scientfic sense is evident from his own words: Vedas should 
contain within themselves all the knowledge needed by mankind 
realising not only to the so called spritual matters but also to those 
usually described as purerly secular temporal world. This shows that 
Swamiji and his cohorts cosidered treasure of knowledge as closed 
one which should be created for once and for all at some point of time 
and deposited in Vedas or similar texts. This is an approach to 
knowledge which completely denies chance of acquiring it through 
life experiences or embellishing it in the same manner. This is 
contradictory to the experience of humanity which has been expanding 
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its wealth of knowledge over time on the basis of its continuous 
interaction with nature. 

What Thirthaji Maharaj deals in the book is mere arithmetic or 
various methods of simple calculations. It does not deal with ideas in 
various branches of mathematics developed during the last 500 years 
at all. But Swamiji and his admirers claimed that all of them could be 
developed from Vedic or upavedic sutras as he had done in his book 
even though till this day nobody has been able to trace the so-called 
sutras of Thirthji to any known Vedic text. Nor has anybody attempted 
to develop modern ideas in mathematics from Vedic sources. 

This is mythification or mystification of knowledge, particularly 
science, pure and simple. This is a method known to India in the 
previous millenniums when the powers-that- be of the day inflicted 
their ignorance or superstition over others in order to establish or 
maintain their hegemony over others. This happened in the Vedic 
period, during the later years of Buddhism and Jainism and above all 
when Brahminism established its sway overpowering all other traditions. 

The present eulogisation of illogical or lesser developed 
knowledge of yester years like jyotisa or Vedic mathematics is only a 
repetition of this earlier trend to channelise and utilise knowledge to 
establish and retain hegemony over the society. This may be beneficial 
for a few in power to enjoy themselves. But this is harmful to the vast 
majority of people whose well-being demands continuous and logical 
expansion of knowledge and its application to ensure that their wants 
are fulfilled, their life protected and social evils eliminated. The 
mythification or mystification of science will have only the opposite 
effect, which is to be prevented at all costs. 
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Astronomy and Mathematics in Medieval 
Kerala with Special Reference to Nila Valley 

N.V.P.Unithiri 

As reported by Prof.K.V.Sarma,an old palm-leaf document records 
a line of tradition of astronomy and mathematics in Kerala, which 
extends from 13th to the 17th centuries. Govinda B hattati ri of 
Talakkulam (1 237-95) - pupil: grandfather of Paramesvara (1 3th -1 4th 
century)- grandson-pupil: Paramesvara (c.1 360-1 455)-Damodara (1 5th 
c.) - pupil: Nilakantha Somayaji (1444-1545) - pupil: Jyesthadeva 
(c.1 500-1 600) - pupil: Acyuta Pisaroti (1550-1621). 

There are some other lines of tradition also which are 
recorded. 

Basic Features of Kerala Astronomy 

1. Solidarity with the Aryabhatan system 

At least from the 7th century, Kerala had been the 
stronghold of the Aryabhatan school of astronomy. All the later Kerala 
schools are based on the Aryabhatan system. Most of the available 
commentaries on the Aryabhatiya have been written by Kerala scholars 
(Paramesvara, Nilakantha Somayaji, Krsna, Ghatigopa). Kerala 
mathematicians have generally made the revision, supplementation 
and correction of Aryabhatan astronomy and mathematics in order to 
get more accurate results. 

2. Katapayadi system 

An easy method of expressing numbers through letters, known as 
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the Katapayadi system, was extensively used in Kerala down the 
centuries. The legendary figure Vararuci is credited with this 
innovation. The authorship of Candravakyas (Moon computation 
sentences), composed in this notation- aH t etc. is also ascribed to 

him. The effectiveness of the notation rests in the fact that even long 
and complicated numbers can be expressed through seemingly 
meaningful expressions and verse-bits, so that they can be easily verified 
and remembered. This system may be explained as follows. 


1 

2 

3 

4 

ka 

kha 

ga 

gha 

ta 

tha 

da 

dha 

pa 

pha 

ba 

bha 

ya 

ra 

la 

va 


(b) In conjunct letters only 
taken into account. 


5 

6 

7 

8 

9 0 

na 

ca 

cha 

ja 

jha ha 

n a 

ta 

tha 

da 

dha na 

ma 

sa 

sa 

sa 

ha 

|a 


value of the final consonants is to be 


(c) Vowels following the consonants have no value. 

(d) ha and na and pure vowels stand for zero. 

(e) Numbers should be computed in the reverse, 
eg: acaryavagabhedya 

1 434160 


The simple rule for this notation is given by the verse: 

C\ ' 

A T ft) Mil geRTT: I I 

{Sadratnamala of Sankara Varrfia) 
There is another type of notation also which is prevalent 
generally in India. It had also been used in Kerala.That is 

Synonyms of sky ( ■GOT, 3TPFTST: etc) - I, eye (Tff^T, ■TT f T) - hand 
(*J5f7 etc) - 2, - 3, 3% TPjsf - 4, - 5, TTf - 6, 

Tift' - 7, TFT, TFT - 8, - 9, fftp-10, ^ ~ M, ^ - 1 2 etc. 

ee: 4^'innimT - 429 
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Parahita and Drg system 

Haridatta (c. 650-700) promulgated the Parahita system in A.D.683 
on the basis of Aryabhatan astronomy. He propagated this system 
through his two works Mahamarganibandhana and 
Grahacaranibandhana. The system postulates a correction called 
bhatabdasamskara or sakabdasamskara to the Aryabhatan 
system and presents all the data, directions and sine-tables 
necessary for the computation of the planets and for all allied 
matters. Sankara Varma of Katattanadu in his Sadratnamala records 
this event as follows: 

STTTf ?§£ dcT 

■* ll 3)'d J 'S" 1 1 fe d I cljflrTTT I 

fa^4d: cflAtclWl I (6.1.3) 

■mIWItjs-ji - 3623 
$!<■*■) cm - 3785 

This verse means : the astronomical treatise composed in Kali 3623 
(A.D.522) by Aryabhata gave well-nigh accurate results, whereas the 
siddhantas ascribed to Brahma etc. had (by that time) tended to be 
inaccurate. (When its results too tended to be inaccurate as exemplified 
by them) not tallying with observation, the correction called parahita 
was adopted by the wise in Kali 3785 (A.D.683) for the planets other 
than the Sun. 

Paramesvara promulgated the widely popular Drk system in AD 
1431. It is also based on the Aryabhatiya and modelled on 
Haridatta’s work. 

Drkkarana, ascribed to Jyesthadeva of the 16th century, records 
the promulgation of these systems in the following (Malayalam) verses: 

pandulla ganitajnanmar connatottu paranjitam 

kalyabdam trisahasrattil param cennujja nalilu 
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ottuvannitumarilla grahanadikalonnume 
karanannajumottlta siddhantanna|umottita 
tada hyaryabhato nama ganakastvabhavad bhuvi 
jnanatungeti kalyabde jatanayavanitale 
giritungeti kalyabde ganitam nirmitam param 
sastram aryabhatiyakhyam tasmin paryayam uktavan 
ivayannekkupayena kuraccittum karettiyum 
kalyadidhruvami i 1 1 ate oppiccan annu paryayam 
Meaning: Now shall I set out in brief what early astronomers 
enunciated. Before Kali 3000, the eclipses and other observed results 
did not tally with the astronomical manuals or the siddhantas.Then, in 
Kali year ‘jnanatunga’ (3600 = A.D.499) an astronomer by name 
Aryabhata was born in this world. In the Kali year giritunga (3623 = 
A.D 522) was his work Aryabhatiya composed and there he stated the 
revolutions of the planets. He had adjusted these revolutions by 
reduction and addition in such a way that there was no zero correction 
at the beginning of Kali. 

pinneyigganitattinnu nikkam kanditu bhutale 
mandasthaleti kalyabde tanuteti sakabdake 
palarum ganitajnanmar kute nokkittu veccatu 
kalyabdad giritungonad sesam veccu perukkanam 
* * * 

perum parahitam ennu ganitam suksmamennitu 
iti nisacitya palarum acariccavanitale. 

Meaning: in course of time , deviations were observed in the results 
arrived at by this computation. Then in the Kali year ‘mandasthala 
(3785=AD 684) equivalent to cTTcTT (606), several astronomers gathered 
together and derived by observation a system, wherein the correct 
number of revolutions were to be found by multiplying the current 
Kali year minus ‘giritunga’ (Kali 3623 viz. Aryabhatan epoch) by the 
yearly bhatabda or sakabda corrections ennunciated.This system was 
termed parahita and many followed it being assured of its accuracy. 
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cirakalam kazhinnappol nikkam valare vannitu 
rangasobha nu kalyabde kascid vipravarastada 
pascimambhodhitirattu ninnu nokklttu veccatu. 

Meaning: When a long time had elapsed, there occurred 
substantial deviation. Then a noble Brahmin, residing by the 
western ocean revised it, the parahita system, by means of astronomical 
observations in the Kali year rj (4532-AD. 1431). This denotes 

the drk system enunciated by Paramesvara of Vatasseri. 

Prominent Kerala Astronomers 

Madhava of Sangamagrama (c. 1 340-1 425) 

. Madhava is well known as Colavid (Master of spherics). 
Sangamagrama may be IrrihriSlakuda. (lannippalli Warn? 

In his Venvaroha he evolved a facile procedure to read out the true 
positions of the moon every 36 minutes. Among his known works are 
Lagnaprakarana and a table of moon-mnemonics correct to seconds. 
His Mahajyanayanaprakara and Madhyamanayana prakara contain 
novel theorems and computational methods evolved by him. It seems 
that Madhava had composed a comprehensive treatise on astronomy 
and mathematics, which is yet to be discovered. It may be supposed to 
contain the numerous single and group of verses enunciating 
computational procedures, theorems and formulae. They are quoted 
as^Madhava’s by later writers like Nilakantha Somayaji. Possibly 
Madhava wrote a work of Gola also. 

Paramesvara of Vatasseri (c. 1 360-1 455) 

Paramesvara, one of the greatest astronomers of Kerala revised the 
parahita system through Drgganita in 1431 . He belonged to Alattiyur 
grama near Tiruf in South Malabar. His house Vatasseri is situated on 
the confluence of river NiJ'a with the Arabian sea. He carried 
investigations on the Sandy banks of the river. He also observed a lot of 
eclipses. He recorded them in detail in his Siddhantadfpika. He was a 
disciple of Sangamagrama Madhava. 


Paramesvara authored about 30 works including original treatises 
and commentaries, both on astronomy and astrology. Original writings 
on astronomy- Drgganita, Goladipika (3vo!umes), Grahanastaka, 
Grahanamandana , Grahananyayadipika, Candracchayaganita, 
Vakyakarana etc. Commentaries - on Aryabhatiya, Mahabhaskariya, 
Laghubhaskariya, Suryasiddhanta, Laghumanasa, LHavati etc. Some 
of his commentaries like those on Aryabhatiya and 
Mahabhaskariyabhasya are very much valuable for the historian of 
Indian astronomy because they contain the enunciation of some of his 
new findings, theories and interpretations. 

Nilakantha Somayaji (1444-1545) 

Nilakantha Somayaji of Trkkantiyur near Tirur in South Malabar 
was as prominent as his grant teacher Paramesvara. According to his 
own description in some of his works, he was a Namboodiri of Kejallur 
family. He was patronised by Azhvancheri Tamprakkal (Netranarayana). 

His Tantrasahgraha is a comprehensive treatise on astronomy. 
Grahananirnaya, Candracchayaganita, Gojasara, Siddhantadarpana, 
Aryabhatiyabhasya, Jyotirmimamsa, Grahapariksakrama etc. are his 
other works. 

Acyuta Pisarots (c.1 550-1 621 ) 

Acyuta Pisaroti of Trkkantiyur was the teacher of Melputtur Narayana 
Bhattatiri. Sphutanirnaya, Rasigolasphutaniti, Uparagakriyakrama, 
Uparagavimsati, commentaries on Venvaroha and Suryasiddhanta etc. 
are his important works. 

The tradition of maintaining accuracy in astronomy was strong in 
Kerala. For exampale, Paramesvara in his Drgganita says: 

5TTT§TftT^T7 I I 


48 


49 



Indian Scientific Traditions 


Astronomy and Mathematics in.... 


f^T cjSIcT: ^ q>4fe l I I 

4 c£ ! 

•^5>C«l-q^rq^l4 ^TFfT ^f5wt f^tf^TT I I 
-ylo-xi^fe TRTcTNiT ’JcJd^tlfel A|Hd: I 
-^■yfep Tr4f?3T tt 1 1 

f^Hfr srrfef felr I 

4^4 ^ifairi tttit Till'd Tnrr 1 1 (1.2-6) 

Meaning: Planets computed by the parahita system of 
astronomy are found to be away from their observed positions. In the 
science of astronomy, however, it is stressed that the observed 
positions are the true positions. Planetary positions alone are the means 
of ascertaining the times for auspicious rites. And, times indicated by 
incorrect planetary positions are impure for rites. Hence by those 
twiceborns who know astronomy and are scholars in spherics, effort 
should be made towards understanding planetary positions which are 
true to observation. After thinking thus and after examining previous 
texts studiously, and through the spherical view finding out the accurate 
position of sphere, the science known as drgganita consisting of the 
accurate knowledge of spheres is created by me. 

it is notable that Paramesvara tried his best to perfect his system by 
astronomical observations for a number of years. He himself 
recorded this: 

Ulr^TT Ppftft-TcTTT I 

<pTT WH, cT^T fepTT ^ufed l fed l : I I 

(Quoted by Nilakantha Somayaji in his Aryabhatiyabhasya). This 
means: the planets had been scanned by me for fifty five years. Their 
positions computed according to the parahita system were all different 
from those observed. 

Nilakantha Somayaji also states on this: . 'TT^T%T7TcT 


^stM't^^^ioHcrtdi^i^ui^i^rcrrf^q)- JifeidJiln^xbUfe snw ^ 

pxf Tsfi-M - h I dcdd-wj x||qt|| 4 sqpjTprhzr 

q^Mo--qi5is;4q>[ei il&^lij$q)-i|llq'| mffesq- <HU^-‘lfeld xfvPT xpPK 1 

(Aryabhatiyabhasya/YSS, 1957, p.54) 

Meaning: Paramesvara, too imbibed well, in his younger days the 
rationale of mathematical and spherical astronomy from astronomers 
like Rudra, Narayana, son of Paramesvara and Madhava of 
Sangamagrama. He identified the differences between observed 
planetary positions arid those derived from the computational methods 
taught by earlier authorities and understood the cause of the differences. 
He thought over the enunciations found in several texts, verified them 
with the eclipses arid planetary conjunctions, and, from a consideration 
of all matters, composed his Drgganita. 

After several arguments and enumerations of eclipses Paramesvara 
says as follows: 

pffeRTTT 7PTT fecR<td: I 
a)g,q) 5 dlqigdl fS I I 

RdMdldl’-KHM TtloPpeT I : I 

felfel'tpqp) d-MI ^M-xj^-x|^)-c.x|'<|gc| : | | 

(pp. 86-87) 

Meaning: Many more solar eclipses as also lunar eclipses than those 
enumerated also have been noticed by me, but they are not set forth 
here. And, I am indicating below the correct positions of the Sun, Moon, 
Higher Apsis and Node, as determined on the basis of these past eclipses. 

Reference may be made in this connection to a unique work of 
Nilakantha Somayaji entitled Jyotirm i mamsa. It is solely 
devoted to discussions on astronomical theories, apparent 
inconsistencies between computed and observed results and 
enunciation of corrections. He stresses on the experimental nature of 
astronomical science. 
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Anticipation of Modern Discoveries 

Mathematics and astronomy are exact sciences which involve fund 
of rational thinking. So it is quite natural that a few of the findings of 
modern mathematics are found anticipated, partly or fully in the works 
of ancient and medieval Indian astronomers. A few of these anticipations 
as recorded by K.V.Sarma, may be listed below: 

1) Reduction to the ecliptic by Tycho Brahe (1546-1601). 
Enunciated by Acyuta Pisaroti (1550-1621) in his Sphutanirnaya: 
simplified formulae in his later work Uparagakriyakrama: and both the 
formula referred to in Rasigojasphutan i ti . 

2) Irrationality of 77 by Lambert (1671). Categorically stated by 

Nilakantha Somayaji (1 444-1 545) in his commentary on Aryabhatiya: 
^T 4 ) q ■H nl «tml Hlld 44^ qftft-jT Tjqr 

Trrqqcr Tnq TtTRT, ft-tqqqcq frrqr I (Ganita, 10). This 

means that 5 is an irrational number. 

3) Leibnitz’s (1 646-1716) Power series for d Implied in the verse 

^TRT etc of Sarigamagrama Madhava (1360-1425) quoted 

by Sankara Variyar (I 500-60) in his Kriyakramakari on LHavatJ. 

4) Gregory (1638-75) and Leibnitz’s series for the inverse tangent. 
Enunciated by Madhava and quoted by Sankara Variyar in 
Kriyakramakari. 

5) Newton’s (1642-1 727) Power series for the sine and 

cosine. Implied in the verse Tiwk, etc. by Madhava, quoted 

in the anonymous commentary in verse on Nilakantha’s 
Tantrasahgraha. 

6) Newton - Gauss Interpolation formula (upto the second order). 
Enunciated by Govinda SvamT (c.800-850) in his com. on 
Mahabhaskariya. 

7) Taylor Series approximations for sine and cosine functions (upto 
the second order of small quantities). Taylor ( I 685-1 730). Enunciated 


by Sangamagrama Madhava and quoted by Nilakantha in his 
A ryabhati yabhasya. 

8) Gregory’s expansion of third order Taylor series 
approximation of the sine (A.D.1 668). Equivalent formula for the first 
four terms, with a minor change, enunciated by Paramesvara (1360- 
1455) in his Siddhantadipika o n Mahabhaskari yabhasya. 

9) Lhuiler’s formula for the circum-radius of a cyclic 
quadrilateral (A.D.1 782). Enunciated by Paramesvara in his com. on 
Lilavati. 

10) Mean value theorem of differential calculus. Parallel 
theorem promulgated by Paramesvara in his Siddhantadipika. 

The foregoing observations reveal without any doubt that to the 
seiences of astronomy and mathematics, the contribution of Kerala, 
especially those parts of Nila valley, are very much substantial. 
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Aryabhatiya - A Mathematician’s View 

K.S. Subramanian Moosath 

In this paper we make some observations on the Mathemat- 
ics discussed in Aryabhatiya based on the developments in 
Mathematics from ancient to modern. The contributions in the 
areas of algebra, calculus and geometry are under discussion. 

On the basis of the fundamental ideas explained in it and the 
methodology adopted, one may agree that this ancient classical 
work is surely in the top list for the study of scientific and philo- 
sophical achievements of humanity. 

_ Here we look at some aspects of the Mathematics discussed in the 
Aryabhatiya of Aryabhata. Our observations on Aryabhatiya is based 
on the Ciitical Edition of Aryabhatiya by K.S. Shukla in collaboration 
with K.V. Sarma. 

Most of the ancient works have a practical origin. The ancient 
Mathematics developed in various civilizations as a practical 
science has a systematic unique way of thinking, spread over the fields 
of number system, arithmetic, geometry and calculus. The fundamental I 

ideas in these areas were developed (simultaneously in certain cases) \ 

in different ancient civilizations. From this foundation with more and 1 

more contribution from different cultures. Mathematics (from ancient 
to modern) has made very exciting and tremendous achievements. 

-.i 

Developements in algebra started from number system and 

-■‘■i 
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arithmetic, then moved to the practical problems involving linear 
equations. Then whole set of equations, quadratic and higher 
orders changed the face of algebra. More and more structures - group, 
ring, field etc.- came in. Geometric studies also has a way to these 
abstract ideas by studying symmetries and group of motions. Also 
algebraic tools are effectively used in the study of geometric problems 
and a new branch, algebraic geometry, has developed in the modern 
Mathematics. In Arybhatiya, Aryabhata has given a way of expressing 
numbers using Sanskrit alphabets and the notational places are also 
explained. Many computational methods like squaring, cubing, square 
root, cube root, product of factors from their sum and squares, quantities 
from their difference and product, interest on principal, simplification 
of the quotients of fractions, reduction of two fractions to a common 
denominator are given. Problems involving linear equations like 
unknown quantites from equal sums, unknown quantities from sum of 
all but one, method of solving residual and non-residual pulverisers 
are also given. The power of computation and making it into a theory 
given in Arybhatiya is an excellent art of work. As an example we explain 
the method of finding cube root of a number. 

Cube root of a Number 

From the unit place of the given number mark the places as cube 
place(c), first non-cube place (c), second non-cube place (c), cube 
place, first non-cube place and so on. From the digit in the c place of 
the left end of the given number (if the left end digit is not in c place 
take the number having all the digits upto the c place) subtract the 
largest possible cube. Note separately the cube root of the number 
which is subtracted. To the right of the remainder write the next digit 
from the given number and divide it with three times the square of the 
number which was noted separately. Write the quotient in the right 
side of the number that noted separately. In the right side of the 
remainder write the next digit in the given number and then subtract 
thrice the product of the quotient and the cube root noted separately 
(the above said division should be done in such a way that this 
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subtraction is possible). In the right side of the remainder write the 
next digit in the given number. Subtract the cube of the quotient that 
we wrote separately. 

Write the next digit to the right side of the remainder and divide it 
with thrice the square of the number written separaely. Write the next 
digit in the given number to the right of the remainder and repeat the 
process until the digits in the given number exhaust. The number 
obtained from the integers wrote separately is the cube root. 

Example: 121287375 

1 2 1 2 8 7 3 7 5 

c” c’ c c” c’ c . c” c’ c 

1 2 1 
64 

3.4 2 =48 I 572 I 9 
432 
1408 

3.9 2 .4= 9 72 

4367 

9 3 = 729 

3.(49) 2 =7203 I 36383 I 5 
36015 

3687 J3~ 

3.5 2 .49 = 3675 

125 

5 3 = 125 

0 495 

So (121287375) = 495. 

Present day Calculus deals with several variables and more 
techniques of differentiation and integration are involved. From 
finding length, area, volume to integration and then the differentiation, 
calculus grew with more and more sophisticated tools. On the other 
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hand the study of sequences, series,' etc, lead to the concept of limit, 
function, etc. 

In Arybhatiya methods for finding area of triangle, circle, 
trapezium and of plane figures are given. Also it explains the way to 
find volume of right pyramid and sphere. On series, a number of 
problems - the sum (or partial sum) of a series in arithmetic progression, 
number of terms in an arithmetic progression, sum of the series 1 +(1 +2) 

+ (1+2+3) + to n-terms, sum of the serieses2I n 2 and ]Tn 3 are 

also discussed. 

Here one thing to mention is that the excellent simple 
geometrical proof of some of these results by Nilakantha Somayaji 
reveals the authenticity of these results and the highly intellectual mind 
behind it with a good deal of total perception on these ideas. Another 
remarkable result given is the value of7T. Aryabhata has given a value 
for the 77 and he mentioned it as an approximate value. The follow up 
on 7 rand the series expression developed for 7 Tby Madhava. He has 
considerable Mathematical insight and a whole lot of modern ideas of 
calculus underlies in it. 

Here we give the method of finding the area of trapezium as 
explained in Arybhatiya. 

Area of a Trapezium and Length of Perpendiculars 

Length of the perperndicular on the base _ base x height 
from the point of intersection of diagonals (base + face) 

Length of the perperndicular on the face _ face x height 
from the point of intersection of diagonals (base + face ) 

Area of the trapezium = 1/2 (base + face) x height, 
b 


base - a, face - b, height - p, length of perpendiculars - c (from base), d (from face), 
c = ap/(a+b), d= bp/(a+b), Area - 1/2(a+b)p 
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Geometry is one of the areas which made a considerable change in 
Mathematics. From the goemetry of plane figures to linear 
geometry and then Euclid’s axiomatic system, geometry was leaping 
ahead. Till the 19 lh century Euclid’s geometry enjoyed absolute 
majority. But the non - Euclidean geometry was a real break- through 
and the whole approach to geometric problems took a new turn. With 
more abstract concepts and many new' tools Differential Geometry, 
the present day geometry, is a major subject in the modern Mathematics. 

In Aryhhatiya the concept of square and cube are given and the 
constructrion of circle, triangle and quadrilateral are also 
explained. Geometric computation of Rsines, derivation of Rsine 
differences, the length of the shadow, height of the lamp-post given 
are the best examples of how geomtry of plane figures were 
intelligently used. Pythagorus theorem is another result given, which 
was known to Indians many years ago. The problems dealt here reveals 
the geometric insight of our ancient age. As an example we give the ; 

method explained for computing the height of the lamp-post and the 
distance between the tip of the gnomonic shadow and the foot of the 
lamp-post. 

Height of the lamp-post and distance from the tip of the ' 

gnomon shadow and the foot of the lamp-post 

Here two gnomons of equal height in the same direction of the 
lamp-post are considered. 

From A ABD and A PQD we have AB/BD = PQ/QD l 

From AABC and A LMC we have AB/BC = LM/MC 

Therefore BD/QD = AB/PQ = AB/LM since PQ = LM 

= BC/MC=: ( B D- BC)/(Q D-MC) = CD/(QD-MC) f 

Now length of the lamp-post AB= (BDxPQ)/QD= (BC x LM)/MC ? 

Distance between tip of the shadows and the foot of the lamp-post | 

are BC = (CDxMC)/(QD-MC) and BD = (CDxQD)/QD-MC) f 

Achievements of the ancient to modern Mathematics not only gave 

a scientific and technological leap but revolutionized the I 

I 

I 
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AB - lamp-post - LM, PQ gnomons of 



human thinkinig also. Euclidean geometry, for centuries the stock 
example of objective truth and incontestable knowledge, now seems 
merely the world seen through the spectacles of habit and not at all 
the necessary structure of reality. The philosophpy of four ancestors - 

* The world presents to us an objective reality, which in 
principle we can know. 

* There is about the world a unique set of truths which are objectively 
valid and mutually consistent. 

* By the right choice of method these truths are discoverable - 
changed by the discovery of non-Euclidean geometry. After discovering 
hyperbolic geoemtry Bolayi in 1 823 said: “From nothing i have created 
another wholly new world”. Euclid never would have said this. It is 
significant to note that Arybhata has stated that the value of 5 he uses 
is only an approximate value. The follow up work on 5 also points to 
such a philosophical change. 

So one can conclude that our ancient Mathematics was in the right 
direction and the methodology involved was highly intellectual and in 
no way second to any other civilization of that age. But one cannot be 
of the belief that ancient work contains everything and is on the 
supreme position. The foundation was very well set and the 
methodology and creativity must be well appreciated. 
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Aryabhat iyabhasya 

N.K.Sundareswaran 

Aryabhata was an intellectual giant who boldly challenged the 
wrong notions and beliefs held by society in which he lived. He is the 
first man in the known history of mankind to state that the earth rotates 
on its own imaginary axis. Today, a simile is told in the primary classes 
to teach the story of Earth’s rotation on its own imaginary axis. It goes 
like this: To a man sitting in a moving boat all stationary things on the 
banks appear to move backwards. Actually the seer is moving and the 
things which are stationary appear to move. Likewise for us, sitting on 
the rotating earth, stars on the celestial sphere seem to go round us. 
This simile is Ayabhata’s. He says: 



(Aryabhatiya - Golapada 9) 

His Aryabhatiya is the first Indian work dealing exclusively with 
Mathematics and Astronomy in a systematic manner. Strikingly 
predictive astrology does not find a place in this work. This small work 
containing 121 verses divided into four chapters is a collection of two 
compositions - Dasagitikasutra and Aryastasata. This epoch making 
work is written in sutra style - a terse and pithy style warranting 
explanation. The work is also divided into four chapters, Dasagitikasutra 
being the first chapter. Also named as Gitikapada, the first chapter is a 
table of constants and parameters. The second chapter named 
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Ganitapada deals with many subjects on Algebra, Arithmetics and 
Trigonometry. The third and fourth chapters (named Kalakriyapada 
and Golapada respectively) deal with Astronomy proper. Sine table, 
evaluation of Tito a very high degree of accuracy and the solution of 
first degree and indeterminate equations are Aryabhata’s notable 
mathematical contributions. Statement of theory of rotatian of the Earth, 
computation of eclipses and enunciation of diameters of planets are 
some of his notable astronomical pronouncements. His statements like 

& -HcJcil ^rfTT (Gojapada, 6- the Earth is a uniform sphere) and 

jfloMtlifa [cjcjuijft | 

C\ 

3Tytf^r TRJI'HK I I (Golapada, 5) 

are astonishing findings taking into consideration his date 
(b.476 AD). Naturally bold statements of theory of rotation of the Earth 
and implied refutation of Rahu-Ketu story of eclipses 
provoked orthodox people. They vehemently opposed his 
unorthodox findings. Varahamihira, a younger contemporary of 
Aryabhata, who is well known for his intellectual honesty 
exhibited in Pancasiddhantika refutes the theory of rotation of the 
Earth as follows: 

TP-rfrT | 

, J : T%^TFTT ^TTW SxMiqfdi 

[Pancasiddhantika XIII 6-7) 

[Others maintain that the Earth revolves as if it were placed on a 
revolving engine, and not the sphere; if that were the case, falcons and 
others (winged creatures) could not return from eather to their nests. 
And to mention another argument, if the Earth revolves in one day 
flags and other similar things wouid, owing to the quickness of 
revolution, stream constantly towards the west. On the other hand, if it 
moves slowly how does it revolve (once in 24 hours)] 


Aryabhatiyabhasya 

In the same vein Lalla, a later scholar, asks: 

§TTTT <T^T W'JHld ^pnr I 

frqrRrr Tqrrt 1 1 

'ggt wmiVjTrfl- sT% ^ftt I 
sm f^rr qitiTRT 1 1 

(f^ykf^cTFT. 42-43) 

Brahmagupta (b.598AD) quotes Aryabhata’s own text and 
refutes. He asks: 

4xTT 4 j 4 fq I 

MrlHrl TPTxtgqTT ^PTHTcT I I 

( Brahmasphutasiddhan ta) 

[If the earth moves through one minute of an arc in one 
respiration, from where does it starts its motion and where does il 
go? And if it rotates (on its own axis), why do tall and lofty objects 
not fall down? ] 

Unable to withstand the severe attack from scholars like 
Brahmagupta, later scholars rejected Aryabhata’s theory of 
rotation. And commentators of Aryabhata themselves changed the 
reading of the text. Thus the statement w i u l^[ci 4xTT “JJ7 (Gitikapada, 6) 
was changed as 4xTT 'JT*T to mean that it is the stellar sphere 

which is rotating and not the Earth. Again the statement 
'T7ST3TT (Kalakriyapada, 5) was misread as TT§-T4T:'. And the 

passage etc (quoted above) was misinterpreted to mean 

that the stars moving along with the sphere towards west see the 
stationary objects situated at the equator of the earth as moving (towards 
east). The right interpretation is as follows: 

just as a man in a boat moving forward sees the stationary 
objects (on either sides of the river) as moving backward, just so are 
the stationary stars seen by the people at Lanka (on the 
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Aryabhatiyabhasya 


equator) as moving exactly towards the west. 

Anyhow Aryabhatiya got wide popularity all over the 
country. The text was studied and commented upon by later 
scholars. Bhaskara-1 (AD 629) is the first known commentator of 
Aryabhatiya. Mahabhaskariya is another work of Bhaskara which forms 
an elaborate exposition of astronomical aspects of Aryabhatiya and is 
often said to be a complementary to the latter text. Bhaskara’s own 
Laghubhaskariya is an abridged version of Mahabhaskariya. Somesvara 
who is supposed to have lived between A.D 968 and 1200 in his 
commentary summarises Bhaskara’s commentary. In a prefatory 
statement he says: 

30^1 iqlJ'-dcilTb^Rldirl ill 

cTTTTT ■HU d -i cp I 

Suryadevayajvan’s ( b.A.D.1191) commentary is an excellent 
exposition of Aryabhatiya. It is neither too discursive nor too terse. It is 
known by different names - Bhataprakasa, Prakasa, Bhataprakasika 
and Prakasika. This commentary has been elucidated with further notes 
by Yallaya (A.D. 1480). Vatasseri Paramasvara’s (15th century A.D) 
Bbatadipika commentary is brief but excellent which has Prakasika as 
its basis/ model. Kelallur Nilakantha Somayaji’s (b.1444) commentary 
is an elaborate and extensive one. 

Apart from these well known (published) commentaries, there are 
four other Sanskrit commentaries.They are of 1 . Raghunatha (a king of 
Andhra, 16th century), 2. Bhutivisnu (Tamilnadu), 3. Madhava, a son 
of Virupaksa (Andhra) and of 4. Ghatigopa (Kerala). (The last scholar 
has written two Malayalam commentaries also). Besides these noted 
Sanskrit commentaries, commentaries in regional languages like 
Malayalam, Telugu and Marathi also are available. Many works based 
on Aryabhatiya also came to be written. Karanaratna of Deva, 
Sisyadhivrddhidaoi Lai la, Karanaprakasika of Brahmadeva, Bhatatuiya 
of Damodara are some such notable works. 


Aryabhatiyabhasya of Kejallur Nilakantha Somayaji 

When one says Aryabhatiyabhasya without any specification we 
can take it for granted that Kelallur Nilakantha Somayaji ’s commentary 
is being referred to. it resembles the Mahabhasya of Patanjali. Elaborate 
and extensive in nature, it even points out the wrong interpretations 
of earlier scholars. Lucidity of expression and wealth of quotations 
and oral traditions are the notable features of the work. In a long 
colophonic statement given at the end of Ganitapada the author 
designates the work as Mahabhasya and confidently claims of its 
special features. It goes as - 

■uRwtfttMIddHl c444-4yiyf?iM-dl 

[ddRlc1 J TlIdMI<tl i 5 ■d4'Wlidqidd'-K6'Wl4Rld 
% *T*-JyTT£ cT^TTUoTTf^iTffrTrT5TTx.TT^f ^ 
f^TT ^TTffeTrTfcTRfTTCTfTTRCTo.^T^T^CTS-TfYTrT^Ttf ^TT frT^TT 



Even a cursory reader of Bhasya can see that this is not a tall claim 
made by Somayaji. Somayaji is the brilliant product of medieval Kerala 
School of Mathematics which is said to have done a tremendous work 
in the field of Infinite series. 

Here it is proposed to focus the attention of the scholars to only 
one unique feature of Bhasya. And it is the critical approach of Somayaji, 
a prolific writer, time and again, explicitly states that Sastra is not the 
final word and that it is subject to verification and correction. In fact, 
he states that sastraic result should be subjected to periodical correction. 
In holding this view Somayaji is unparallelled in ancient and medieval 
India. He has written a separate work (Jyotirmimamsa) solely for 
stressing the point. He clearly states that the goal of ‘Sastra’ itself is 
imparting knowledge of experimentation to students. (ftTWT^hT 

- Jyotirmimamsa, p.8 ). Again in 
his Bhasya he points out that aim of the ‘Sastra’ is to expound the 
rationale behind Mathematics and Spherics ( T lR l ld-i|loiAj j fTby4?i4 L K4 44 
$TTWT - Aryabhatiyabhasya ,T$S.1 1 0, p.25). We can find a number of 
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such statements in his Bhasya. He is of the opinion that the results or 
exact values of the findings should not be explicitly stated since it may 
render a student complacent. He states: 

^ c# f^TSTFTf <£dl£fcTT VTT<T I 3Tfrt tpq- 

^ra^TTTl (755.185, p.15). 

Somayaji has commented only on Aryastasata leaving out 
Dasagitikasutra. In the prefatory statement he says: 

fT^tt f^qTSJT^rf^T^lpil'bLIlRldl I AldW^cdl^ilAl^jMcdl^ jFliddMMId'W 
tid^otlKpMi^d 3TsJr I 

(By explaining Aryastasata, naturally Gitika also would be 
explained). Gitikapada or Dasagitikasutra is a collection of tables 
giving parameters. In fact, according to Somayaji Aryabhata himself is 
not much interested in including the list of arrived at results in his 
Sastra. He says: 

TTRilddloS^RbUd^tHM-tR^ ^IR-d'-P I 3TrT TpT TRpqT^PI'W 
(755 110, p.25) 

At one instance Somayaji states that Aryabhata got these 
parameters - the number of revolution of planets in a Mahayuga etc- 
by way of experimentation. In fact, he puts it the other way round. 
Aryabhata’s excellence lies in experimentation and not due to any 
peculiarity of parameters. 

Tff §-i i h < ry i d I h 

4a ■w d - m u 1 1 IVj R i 'drd i d. ” (Jyotirmimamsa, p.5) 

Somayaji does not hesitate to point out that Aryabhata’s 
constants are also subject to correction. He does it with solid evidence. 
He cites two solar eclipses seen in Trivandrum and Haridar on Kali 
days 1681472 and 1686847 respectively which, if calculated with 
Aryabhata’s values, would not have been known at all. 

He calls upon others also to observe celestial phenomena and to 
make periodical revision of parameters so that calculation tallies with 
the observed fact. He cites that the model of his grand teacher Vatasseri 


A ryabhatiyabhasya 

Paramesvara who not only observed eclipses for a continuous period 
of 55 years but also recorded the collected data in his Karmadipika. A 
very important contribution of Somayaji in this regard is the long tract 
of verses given in the commentary on ‘Pariksasutra’ (Golapada, verse 
48) which is a practical guide for observation and verification of 
astronomical phenomena. 

Thus in Somayaji we can find a unique Indian thinker - not of 
modern times - who openly and staunchly holds that ‘sastra’, Jyotissastra 
at least for that matter, is not the final word and is subject to verification 
and correction and that he upholds critical outlook which is the basis 
of Western scientific tradition. 
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Tantrasangraha 

N. K. Sundareswaran 

For a long time most of the Indologists held the view that after 
Bhaskara 1 1 of Lllavatl fame, no original work was done in the twin 
disciplines of mathematics and astronomy in India. But it is now widely 
accepted that during the medieval times - a period roughly between 
1350-1700 A.D - there flourished in Kerala, a School of astronomers 
which carried out significant and original work in the field starting 
with Sangamagrama Madhava (c. 1340-1425) and extending upto 
Acyuta Pisaroti (c.1 550-1 621 ). This long unbroken tradition made 
important contribution to mathematical analysis much before the 
Subject was developed in Europe. Some significant discoveries of this 
school are (1) the development of Gregory series for inverse tangent, 
(2) the Leibnitz series, (3) Newton’s power series for sine and cosine 
and (4) Taylor’s series for approximation for sine & cosine functions. 
The Tantrasangraha ( 73) of Nilakantha Somayaji is one of the brilliant 
works of this school. 

Nilakantha Somayaji, who is known to have born on the 14th 
June of 1444 A.D (He gives this date in one of his works viz. 
Siddhantadarpanavyakhya, by the Kali chronogram tyajamyajnatam 
tarkaih” (Kali day 1 6601 81 ) is well known for his elaborate commentary 
on Aryabhatiya. Besides these two major works (TS and 
Aryabhatiyabhasya) he has also authored some minor works on 
Astronomy. They are Jyotirmimimsa , Siddhantadarpana (with an auto 
commentary), Candracchayaganita, Gojasara, Grahananirnaya and 
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Sundararajaprasnottara. The last two works are not yet discovered. 
Among his minor works Jyotirmimamsa c arries much importance since 
its sole aim is to stress on the importance of periodical revisions on 
astronomical parameters based on constant observations and 
investigations. Among the commentaries on Aryabhatiya , Somayaji ’s 
commentary assumes importance for its lucidity of expression and 
wealth of quotations. It is aptly christened as Mahabhasya by the author. 
In these two works, ie.75 and Aryabhatiyabhasya, Somayaji has 
preserved many mathematical findings and rationales. He gives three 
sets of astronomical parameters in his three works, viz. TS, 
Siddhantadarpana and Gojasars. From a long colophonic passage given 
in his Aryabhatiyabhasya, it is learnt that he belonged to Srikundagrama 
(Trkkantiyur near Tirur) and was a member of Keralasadgrama (the 
Sanskritised form of Kelallur which is sometimes said as Kejannur) 
family. He belonged to Gargagotra and was a follower of 
Asvalayanasutra. He had performed somayaga. His favourite. deity was 
Paramesvara of Tipprannod. He was initiated into astronomy by 
Damodara, son of Paramesvara who in turn was the author of Drgganita. 
He was initiated into Vedanta by Ravi. His father’s name was Jatadeva. 
He had a younger brother Sankara and a close associate Subrahmanya. 

An astronomical work belonging to Tantra class, TS 
contains 432 verses and is divided into 8 chapters. A Tantra work- 
which usually takes the commencement of current Kaliyuga as the 
starting point for computations - has the freedom to choose the topics 
of special interest and elaborate them according to the wish of the 
author. Here in this text the first chapter deals with the calculation of 
mean planets. The conception of time, the calculation of past Kali days, 
the seasons and the solar and the lunar months are 
described in about forty verses. The second chapter in eighty verses 
deals with the calculation of mean solar day and the determination of 
orbits of planets in the geometric system. The third chapter is the longest 
one. It deals in 1 1 8 verses with the fixing of gnomon and calculation 
of equator, meridian, latitude, declination etc. by gnomonic shadow. 
There are many illustrations and mathematical problems pertaining to 
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gnomon and its shadow. The fourth and fifth chapters deal with lunar 
and solar eclipses respectively. The sixth chapter deals with vyatipata. 
VyatTpata denotes the duration when the sum of longitudes of the sun 
and the moon equals 1 80 degree or 360 degree. The seventh chapter 
deals with Reduction to observation. And the last chapter deals with 
elongation of Moon’s cusps. 

The work has got two commentaries written by Trkkutaveli Sankara 

Variyar (c.1 500-1 560). One is in prose and the other in verse. The first 
is named as Laghuvivrti 1 and the other goes by the name Yuktidipika^ . 

The second one extends only upto the end of the fourth chapter. The 
author is a direct disciple of Somayaji. 

According to Sankara Variyar , the first and last verses of the work ‘ 
contain the chronograms of date of commencement and 
completion of the work. These two chronograms “he visno nihitam 
krtsnam’ and “laksmlsanihitadhyana” correspond to the 22nd and 27 lh 
of March 1 500 A.D. 

TS carries much importance for two reasons. One is that it 
preserves some findings of medievel Kerala mathematics. And the other 
is that SomayajT gives a revised planetary model for interior planets 
Venus and Mercury. Let us first discuss the historical 
importance of the text. The text attracted the attention of scholars 
because (1 ) it, along with three later works viz. Yuktibhasa, Yuktidipika 
and Karanapaddhati, form the sole record of the significant findings 
made by the great Mathematician Sarigamagrama Madhava and (2) it 
forms the basis and mode! for Yuktibhasa, a work written in Malayalam * 
which is a unique text in Indian mathematics giving rationales for the ; 
mathamatical findings that are dealt with. The first scholar to recognise 
the significant contributions made by the above said works was Charles ? 
M. Whish. He presented a paper on the Hindu quadrature of the circle j 
and the infinite series of the proportion of circumference and diameter 
exhibited in the four sastras - Tantrasahgraha, Yuktibhasa, j 
Karanapaddhati and Sadratnamala before the Royal Asiatic Society in j 
1832. Unfortunately there was nobody to take up seriously tie 
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investigation started by Whish for a century. In 1 940-s a team of Indian 
scholars lead by Prof.C. T. Rajagopal launched a detailed study on the 
discoveries of Whish. The edition of the first part of Tantrasahgraha 
with expository notes made by Ramavarma Maru Thampuran and 
A.R.Akhileswara iyer came out in 1948. The first edition of 
Tantrasahgraha with the Laghuvivrti commentary carne out in 1958. 
The editors of Yuktibhasa, made use of a manuscript of a commentary 
on Tantrasahgraha for preparing their expository notes. Their failure to 
disitnguish the text from the commentary gave way for a confusion. 
Many verses of this commentary were quoted by them as belonging to 
TS. This created an impression that the text as edited in Trivandrum 
Sanskrit Series is either incomplete or is only a compressed version of 
the original, which is yet to be discovered. This confusion was cleared 
by the edition of the said commentary made by K.V Sarnia in 1977. 
Sarma established that TS contained 432 verses only, as is given in the 
Trivandrum edition. In support of this he cites a colophonic statement 
appearing in the Manuscript No. C. 224 C of Kerala University Oriental 
Research and Manuscripys Library. The statement runs as follows: 

“iti tantrasangrahe astamo’ dhyayah / tantrasangrahah samaptah / 
adhyayam eltilum kuti slokahnal nanutti muppatti rantu” 

(Thus ends the eighth chapter in Tantrasahgraha. Here ends 
Tantrasahgraha. There are 432 verses contained in eight 
chapters.) 

Thus some findings, wrongly traced to TS actually belonged to the 
commentary Yuktidipika. For example, the verses giving Newton’s 
power series for sines and cosines: 
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“nihatya capavargena” etc. ( Yuktibhasa Ed. Akhileswara Iyer, p.90 
Actually belong to Yuktidipika. The same verses appear in 
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Karanapaddhati (of Putumana Somayaji) also. Though positive proofs 
are still wanting about the authorship of these verses, K.V.Sarma observes 
that it is very likely that Saiigamagrama Madhava is the author. 4 

However, there are some of other quotations of Madhava in TS. 
One such quotation gives Taylor’s series for sine and cosine functions. 
Brook Taylor (1685-1731 A.D.) gives an approximation for sine and 
cosine functions upto the second power of small quantities. It may be 
expressed as 

f(x+ 0)= f(x)+0f(x) +*£ f (x) + .... 

2! 

when 6 is small 

This approximation in particular cases f(x) = sin x and 
f(x) = cos x has been anticipated by Madhava, more than 300 years 
before Taylor. TS quotes the verses of Madhava which run as 
follows: 



Immediately following this, another verse of Madhava is quoted 
which gives the trigonometric identities. 

sin(A ± B) = sin AcosB ± cosAsinB 

The verse runs thus: 
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^TsTT cl Sj" I I (11.16) 

The fact that some quotations of Sangamagrama Madhava 
ascribed to TS actually do not belong to it does not diminish the 
importance of the work from the historical point of view. All such 
quotations are to be traced to Yuktidipika commentary of the work.The 
author of Yuktidipika is a direct disciple of Somayaji. 
He, in the colophonic passage given at the end of each chapter, states 
that his is an interpretation of Tantrasangraha according to the author 
of Yuktibhasa. Hence all the works are interconnected. They belong 
to the same tradition. Probably Somayaji and his predecessor and grand 
teacher Vatasseri Paramesvara are the sources of inspiration for Sankara 
Variyar, Jyesthadeva (the author of Yuktibhasa ), Putumana Somayaji 
etc. to record the rationales of the derived results. In this connection, it 
may be remembered that Paramesvara, a profuse writer on astronomy 
has recorded the astronomical data collected by him by way of 
observing the celestial phenomena like eclipses for a continuous period 
of 55 years (in his commentary on Govindasvamibhasya ) 


Now let us take up the next point, viz. the revision of 
planetary model. In ancient Indian tradition, the procedure for 
calculating the geocentric longitude of five planets Mercury, 
Venus, Mars, Jupiter and Saturn had three steps. First one is the 
calculation of mean position of the planet. This is obtained by 
multiplying mean civil days elapsed since the epoch by mean daily 
motion of the planet. Then a correction called mandasamskara is 
applied to this. Mandasamskara or equation of centre goes to make up 
the error caused by the eccentricity of planetary motion. The manda 
corrected mean longtitude is called mandasphutagraha. And lastly a 
second correction called sighra samskara is applied to 
mandasphutagraha. This goes to convert the heliocentric longtitude to 
a geocentric one. Right from Aryabhata’s time, for the inferior planets, 
ie.. Mercury and Venus the manda correction was applied to the mean 
Sun instead of the heliocentric planet. For exterior planets it was applied 
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to mean heliocentric planet only. This caused some error in the inferior 
planets. It was Nilakantha Somayaji who enunciated for the first time 
in the history of astronomy that manda correction should be applied to 
mean heliocentric planet itself for inferior planets also. 5 This he specifies 
in his w'orks Golasara, Siddhantadarpana, Aryabhati yabhasya and TS. 
TS is thus said to give a geometric planetary model, in which all the 
five planets Mercury, Venus, Mars, Jupiter and Saturn move in eccentric 
orbits around the sun which in turn goes round the earth. 

Thus TS forms an excellent product of the great School of 
medieval Kerala mathematicians. The reasons which contributed to 
the cessation of such a highly creative and critical mathematical activity 
in central Kerala is worth probing into. 
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Jyotirm imamsa 

K. Sekharan 

The Jyotirmimamsa (JM) of Kejallur Nilakantha Somayaji (A.D. 
1 444-1 545) is a basic and one of the most authoritative works on Indian 
astronomy produced in Kerala. It is an excellent work on Indian 
methodology of science relating to astronomical theory and practice. 

Prof.K.V. Sarma, the editor of the book has critically examined the 
manuscript and identified the name of the work as Jyotirmimamsa and 
its author as Nilakantha Somayaji. 

JM is a comparatively small treatise on Indian astronomy. Its 
importance lies in the exposition of hither-to- unknown methods of 
scientific investigations. It also casually refers to the most controversial 
views regarding the Indian origin of science. It sheds much light on the 
importance of observation and experiments and counters many 
arguments of spiritual origination of Indian science. 

After examining the views of his predecessors Nilakantha 
deviates from the traditional views regarding Indian astronomical 
theories. He is not willing to follow blindly the views of earlier 
astronomers on the origin and development of Indian astronomy. As 
observed by Prof. K.V. Sarma, Nilakantha takes astronomy 
primarily as a practical discipline based on experimentation and 
observation. Somayaji insists that the results arrived at by 
computation should tally with observation and that astronomical 
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parameters and other constants should be revised periodically 
towards this purpose ( K.V. Sarma, p.9) 

The earlier astronomers insist that the occurrences of the 
planetary revolutions should be computed as it was instructed by 
Aryabhata and the number of planetary revolutions given by Aryabhata 
are immutable because they form the part of ‘divine 
instruction’. Here Nilakantha argues that the expression ‘divine 
instruction’ does not mean any direct instruction by the Gods, but 
only the chastening of the intellect through divine grace (4wrwr4t 
as a result of which the authors could express their 
thoughts logically (JM, pp.2-3). Nilakantha refutes the views of 
earlier interpreters of Aryabhata by bringing the real sense of 
Aryabhata’s statement within the sphere of ‘arthavada’. 

Nilakantha emphasises that computation and revision of the 
rotations of the planets be made by means of observation and 
logical inference. The revolutions of bhagana ucca (3^t), pata 

(9"RT) etc. are usually used for computation of planets. Somayaji advises 
that the authority of those revolutions can be verified by means of 
observation at the time of eclipses. If it does not tally with observation, 
he says, experiments should be conducted with instruments. In support 
of this he instructs: - ^ qTTbdf^ldd-W ^ 'ipt? 

Vi u uFq'H^i 3rfin cir^M: yu|i| : crff 

TToTl% 3T^J^ft^r^xr | (p g _ [f the contemporary experiment 
does not reconcile with the earlier systems formulated for the 
computation of the revolution numbers of the planets he should conduct 
experiments with instruments and ascertain the actual number of 
revolutions thereby. An entirely different new system has thus to be 
expounded and therefore he will neither be rediculed for this in this 
world nor punished in the next.) 

Thus Nilakantha insists for the necessity of periodical 
revision of planetary parameters. He has presented some instances of 
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such corrections propounded to the parameters of Aryabhata by certain 
astronomers including Haridatta, Govinda, Brahmagupta and Lalla 

(pp.1 0-1 2) 

It is very interesting and admirable that Nilakantha pays more 
attention to the interpretations on some dates of revisions 
mentioned in Aryabhatiya. He interferes into the interpretations by 
Haridatta and Lalla on the 10 th verse of Kalakriyapada in Aryabhatiya 
and establishes his own opinion with a critical and logical perception, 
justifying the interpretation by Lalla. (See JM, pp.1 3-1 4). The relevant 
verse in Aryabhatiya is the following: 



Basically Jyotirmimamsa is not only a work describing the 
practices of Indian astronomers but a basic text on astronomical 
science also. Nilakantha has high regards for astronomers. He quotes 
Varahamihira to show the respectability of astronomers as follows:- 


3Tl ^PT^'Tl I xTT* I fc1 JpTT^TTf^l -jl : r T^A| f "*4 'Hi 

W il IddnRld, 3HMdT4i TT U ridsd At ^FTRTmmd^l I (p.7) 

Eventhough Nilakantha is most posterior in the long line of 
astronomers he has great regards for the methods of experiments and 
observation for which Aryabhatan system strongly advocates. He is a 
staunch follower of Aryabhata and never agrees with arguments that 
refute the findings of Aryabhata. He says: 


^•4 ctT 


[cl 4 I ATT AfqfrJcT 

-h4 


All principles formulated in computing the motion of planets are 
implied in the Aryabhatiya. Whatever be the principle or method 
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Sadratnamala 

N.V.P. Unithiri 

The paper presented by Charls M. Whish at Royal Asiatic 
Society in 1 832, which has introduced astronomy and mathematics of 
medieval Kerala to the international scholars for the first time, has 
included Sadratnamala (Gemset necklace) by Katathanad Sankara 
Varma (1 774 -1 839), popularly known as Onchiyil Appu Thampuran, 
among the four such works. Almost all the doctrines of the astronomy 
and mathematics in Kerala are summarized in Sadratanama/a and 
thus in it we have got an excellent example of a handbook of Kerala 
School of astronomy and mathematics. This book, though 
incompletely, was published in 1898'. The author Sankara Varma 
himself has written a Malayalam commentary on the work. It is 
available only up to the verse 6.32. 

Sadratnamala contains six chapters called prakaranas. The first 
chapter is named as Parikarmastakaprakarana (the chapter on the eight 
logistics). This chapter begins with four introductory verses. In the first 
of them the author salutes the lotus-feet of Goddess Parvati, the deity 
of Lokamalayarkavu (Lokanarkavu), his preceptors in general, Aruna 
(Sun) etc. The second verse extends salutation to the Brahmin scholars, 
by whose grace the author wishes to be devoid of faults and be with all 
the best. In the next verse, Sankara Varma remembers his elder brother 
Rama Varma, the younger brother of King Udaya Varma. The last among 
them expresses the author’s humility. 


Then in a couple of verses, the author gives the names of the decimal 
numerals, namely, eka (one), dasa (ten), sata (hundred), sahasra 
(thousand), ayuta (ten thousand), niyuta (lakh), prayuta (ten lakhs), koti 
(crore), arbuda (ten crores), vmda (hundred crores), kharva 
(thousand hundred crores), nikharva ( ten thousand hundred coroes), 
mahapadma (one lakh hundred crores), satiku ocsahkha (ten hundred 
crores), varidhi (one crore hundred crores), antya (ten crores hundred 
crores), madhya (thousand crores hundred crores), and parardha (ten 
thousand crores hundred crores). 

Definition of the eight logistics (parikarmastaka) follow this. Yuti 
(addition), viyuti (subtraction), gunana (multiplication), ha.rana 
(division), varga (square), vargamula (square root), ghana (cube) and 
ghanamOla (cube root) are the eight logistics. The process of all these 
logistics is described in detail in eleven verses. 

Bhaskara II (1 2 <h century A.D) deals all this with in the first section 
of the Li lav all part of Siddhantasiromani. 

Thus the first chapter has nineteen verses in total. 

Chapter II is called paribhasaprakarana (the chapter on the 
technical terms). Here we have the enumeration of different 
measures. Measure of time, technical terms of the parts of jyotiscakra 
or rasicakra (zodiac) and the presence of stars in it, the nature of tithi 
(the time taken by the elongation of the moon to increase by 1 2° starting 
from zero) and the names of planets and stars are dealt with. This is 
followed by a description of the pananaga (almanac). Measure of length, 
grains and weight is the next topic. Then the names and measure of 
money are taken into account. Niska, dramma, pana, kakini and 
varataka are the names of money. Lastly architectural formula for 
orientation of directions is described. The matters dealt with in this 
chapter also can be seen in the first section of Li/avati. The second 
chapter contains fourteen verses in total. 

Chapter III is called Pancangaprakarana (the chapter on five 
astronomical limbs). It begins with the invoacation of Ganapati, 
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Sarasvati, Krsna, Subrahmanya, planets like Sun, the author’s 
preceptors, Srilokamba and Daksinamurti. Then the definition of the 
multi-purposeful trairasika (rule of three) is given. The rule of 
katapayadi, a kind of syllabic numeration, is the next topic. 1 he 
relevant verse runs as follows: 

OV ' 

^ ^ ?eTTcRT I I (III. 3) 

The syllables na, na and vowels denote zero; ka ta pa ya etc. 
denote numerals. In the case of conjunct letters, the penultimate 
consonant syllable is to be counted. A consonant that is not 
connected with a vowel (k, I, n, r, etc. ) can neither be treated as a 
number nor as zero. 2 

How to calculate the Kali year is then dealt with. The computation 
of mean Sun, ahargana (number of days elapsed from the beginning of 
the aeon), true Sun, true moon, lunar day, yoga (the time which elapses 
when the sum of longitudes of the Sun and the Moon to increase by 1 3 
1 0/3 starting from zero), zodiacs, naksatrapadas (quarters of asterisms) 
and karanas (half of the duration of a tithi), are described . At last, the 
author states the methods for ascertaining the time elapsed after sunrise 
and sunset. The total verses in chapter III are twenty-one. 

Chapter IV is named Jyacapadiprakarana (the chapter on arcs, sines, 
etc.). This chapter deals with arcs and sines and their application in 
astronomical measurements and computations. How to determine the 
circumference of a circle is the first topic dealt with here. Next we 
have the formula to derive the sines. Then the author deals with the 
derivation of arcs and corresponding sines and allied topics. Kendra 
(centre) and padas (quarters) are treated next. This is followed by the 
description of derivation of arc and making sines. Paramakranti 
(obliquity of the ecliptic to 24°) and kranti (declination of a point on 
the ecliptic) in given time are then dealt with. Next the author has 
taken up the treatment of pranakalantara (a minute of angle). How to 
make different kinds of figures like square is the following topic. The 
definition of gnomon and related computations are then dealt with. 


82 


Sadratnamala 


Next we see how to derive terrestrial latitude in parahlta and drk systems. 

The following topic is the computation of palahgula in different places. 

The we have the derivation of latitude and longitude Subsequently 

[ he Ovation of carajya (sine of the arc), cara, bhOjya (sine measured 

in the diurnal circle corresponding to the carajya), hara ^ 
lambajya (cosine of the latitude) is dealt with. Next we see how to 
make east-west line by the shadow of the Sun. This is followed by the 
derivation of desantara, desantarakala and allied maders Then the 
author deals with the measure of zodiac and that o t e zo iac 
day Nadikarana ( the calculation in respect of nadikas and vma.i 
l the subject matter dealt with next. Then we have. the f er,v J' on 
udayalagna (the rising rasi, an arc equal to 30°). This is followed by the 
discussion of different sines, namely jya (sine), kot. Cosine) sprgjya 
(tangent), kusprgjya (contangent), chedijya (secant and kucch jy 
(cosecant). This chapter contains 43 verses in total. 

Chapter V is the longest one, which is called Pancabodha-prakarapa 
(the chapter comprising five sections).The five sections are on chaya 
(shadow), grahana (eclipse), cakrardha or yyatipata (the phenomenon 
due to adversary effect that the Sun and the Moon f.ce m the, 
northward motion), maudhya (the condition of the planets except he 
Sun when they reach near by the Sun) and srngonnat, (elevation of h 
cusds of the crescent Moon). The chapter begins with the enumeration 
of these names. Then the calculations in connection with the derivation 
of kalalagna are dealt with. Next the author ^°ws how to der've 
shadows of the Sun. Finding out the time out of the shadow of the 
given time is the subject matter then dealt with. The next topic is the 
derivation of palahgula. To bring out sahkvagra (the tip of the gno™ ) 
and arkagra (the tip of the Sun) is treated then. This is fo1 owed by t e 
computation of samasahku (cosine of the altitude when the Sun s on 
the Prime Vertical) and of the true Sun by samasanku. Then it 
how to calculate true Sun by shadow of the noon. 

Next the author discusses the calculations relating to the shadow 
of the Moon (Candracchayaganita). First the derivation of the true Moyn 
is dealt with. Then comes the derivation of the Moon s great shadow. 
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In the next verse, how to bring out the shadow of the Moon is dealt 
with. Calculation of the proposed time through the shadow of the-Moon 
is discussed next. Vatasseri Paramesvaran Namboodiri (1360-1455) 
treats the same topic in his Candracchayaganita. Trkkantiyur Acyuta 
Pisaroti (1550-1621) also deals this with in his Ch'a'yastaka and 
Candracchayaganita vyakhya. 

Computation of eclipses is the next topic. The process of eclipses 
is generally described first. What is the difference between the eclipses 
of the Sun and the Moon is stated then. The following topic is the 
derivation of the diametric liptas (minutes of arc) of the images of the 
Sun, Moon and the earth. The calculation of natiliptas (liptas related to 
the parallax in latitude) is then dealt with. Next we have the calculation 
of the viksepa (celestial latitude) of the Moon. Istagrasa (the computation 
of the extent of the eclipse in given time and space) is the subject 
matter treated next. Then the author discusses the derivation of 
sthityardhas (the approximate halves of the position of the Sun and the 
Moon at the time of eclipses). The computation of valana (deviation of 
direction) is dealt with next. Lastly, the author states how to make the 
eclipses in black and white. Vatasseri Paramesvaran Namboodiri, 
Kelallur Nilakantha SomayajI (1444-1545) and Trkkantiyur Acyuta 
Pisaroti deal all these matters with in their works on eclipses, namely, 
Grahanastaka, Grahanamandana and Grahananyayadfpika'; 
Grahananirnaya; and Uparagakriyakrama and Uparagavimsati. 

Next comes the calculation of vyatTpata. VyatTpata is of two 
kinds - lata and vaidhrta. Computation of vyatTpata and the nature and 
auspicibusness thereof are then dealt with. Vatasseri Paramesvaran 
Namboodiri treats the same topic in his Vyatipatastakavyakhya. At the 
end of the section, Sankara Varma points out the difference rn regard 
to the above phenomenon in parahita and drg systems. Then the process 
of vyatipata is described in some detail. 

Calculation of maudhya of the planets is the theme discussed after 
the topic of vyatipata. 


Then the author takes up the computation of srngonnati 
(elevation of the horns of the Moon). 

Previous authors, especially Keralites, had already dealt with all 
the matters discussed in Sadratnamala. We have mentioned some of 

them. The others include the following: Sangamagrama Madhava’s 
Venvaroha, which states many things regarding the position of the 
Moon; Mahajyanayanaprakara, Madhyamanayanaprakara, both by 
Sangamagrama Madhava, which put forward a number of novel 
theories; Vatasseri Paramesvaran Namboodiri’s Siddhantadipika; 
Kejallur Nilakantha Somayaji’s Tantrasahgraha and Siddhantadarpana; 
and Trkkantiyur Acyuta Pisaroti’s Sphutanirnaya. 

Chapter V contains fifty-one verses, the last of which is an 
invocation to the Goddess of Lokanarkavu, the author’s family deity. 

Chapter VI is called Ganitapariskarana (the chapter on the 
periodical revision of astronomical computations). In a Malayalam work 
by name Drkkarana, ascribed to Jyesthadeva, we have a 
similar account. First, Sankara Varma discusses the calculations made 
by Aryabhata. The first two verses state the rotation of the earth and 
other theories promulgated by the great astronomer. Then he gives us 
an idea of the methodology of the parahita system. The revision made 
by Haradatta (650-700 A.D.), the founder of the parahita system, is 
known as sakabdasamskara or bhatabdasamskara, which is the subject 
matter taken up by the author next. Then we have the description of 
the uccas (higher apses and ascending node) of the planets. This is 
followed by the treatment of manda and ucca circumferences of the 
planets. Derivation of the the sphutaparidhis (true circumferences) of 
the planets is the subject matter dealt with next. Then comes the 
calculation of the accurate circumferences of the Sun and Moon. After 
this, the author discusses the derivation of the jyas (arcs) of mrga, karki, 
etc. for kuja (Mars). Computation of the true circumference out of given 
arc of the given planet is dealt with next. How to know the true 
circumferences of the arcs of mrga, karki, etc. is the theme that is treated 

then. Another device for the same is also presented. This is followed 
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by the derivation of sputa of all the planets. Then the author deals with 
the calculation of madhyabhogaliptas of the planets for a day out of 
their own gati. Derivation of sphutagati of Mars, etc., in given time is 
described then. Computation of the madhyama (mean) of the Sun for 
the time of sphutasamkranti 3 is the subject matter next dealt with. Then 
we have the method to know how many days the sun stands in zodiacs 
like Mesa and in the asterisms like Asvini. After this, the author states 
the formula for the calculation of one year and the formulae for the 
calculations of the samkrantis of zodiacs, stars and year. The derivation 
of yogyadivakya (formula to compute the yogya, etc.) is dealt with 
next. Calculation of the accurate time of the entrance of the Sun into 
each zodiac is the subject matter that is discussed next. How to compute 
the days and months of the Sun and the Moon is then described. This 
is followed by the derivation of the kaksyas (orbital circles) of the planets. 
Then the author states the diameters of the Sun, Moon and the earth as 
perscribed in previous books. The next topic is the computation of the 
movements of the Sun etc., in relation to distance. How to determine 
the diameters of the earth is the subject matter that follows. Calculation 
of the circumference of the earth is described next. Then the derivation 
of the radius of the orbital circle of the Sun is dealt with. 

The Malayalam commentary written by Sankara Varma 
himself is available only up to this, i.e., verse 6.32. The description of 
the revision according to parahita system continues in two more verses. 
Thus, in this section of Sadratnamaia, we have a comprehensive account 
of the astronomical revision accroding to parahita system as made out 
by Haradatta (650-700) in his Grahacaranibandhana. Then the author 
takes up the periodical revision according to the drg system. The verses 
43-54 are devoted for this purpose. It is Vatasseri Paramesvaran 
Namboodiri who propounded the drg system in his monumental 
treatise, Drgganita. Here Sankara Varma follows this work. Then he 
puts forward a device for the astronomical revision in general. Next, 
the author gives the date of the composition of the book. It is the Kali 
year 4921 corresponding to 1819 A. D. With two more verses indicating 
the fame of the work, Sadratnamaia comes to a close. 


f'i 

:£ 


The foregoing content analysis of Sadratnamaia reveals that it 
summarizes almost all the matters that were dealt with by previous 
Kerala authors of astronomy and mathematics. The treatise 
occupies, in this way, a prominent place in the field of astronomy and 
mathematics, just as Kavyaprakasa and Siddhantakaumudi do have in 
Poetics and Grammar, respectively. It can, therefore, be concluded 
that Sadratnamaia is very much useful for the beginners in the field of 
astronomy and mathematics in ancient and medieval India in general 
and Kerala in particular. 
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Ganitaprakasika 

E. Sreedharan 

Ganitaprakasika ( GP ) of K.V.A. Rama Poduval is a book 
dealing- with astronmical calculations. It is a hand book for the 
astronomers to calculate thetrue longitudes of the planets, eclipses etc 
and also stands as a basic text for the preparation of almanacs or 
pancarigas. The book is published in 1950 AD from the Desamitram 
Printing and Publishing company Ltd., Kannur. The text is printed in 
Malayalam script, but the contents are explained in Sanskrit verses. 
The author himself wrote a commentary named Karanadipika. It is a 
karana text and the karanarambha accepted here is 1st mesa 1074 
(13.4.1899). The Kalidina in the karanarambha is 182692. The 
calculations in the book are prepared according to the suddhadrgganita 
system. The author accepts principal value numbers from the modern 
astronomy and corrects them as per Indian method. 

The ganita literature can be divided into three main 
divisions - siddhanta, tantra and karana. The siddhanta, mainly 
consists of the science of mathematics, which measures madhyamas 
and the aharganas for a kalpa. The total days between the kalpakala 
and the intented date are called aharganas. By multiplying the 
average motion of planets for a day with the ahargana, we get the 
mean position of the planets. The tantra type of literature takes the 
beginning of Kalidina. The madhyamas of the planets at the 
beginning of the first Kali day are called ksepakas. By calculating the 
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mean motion of the planets upto the intented date from the first Kaliday, 
the astronomer adjusts it into the ksepakas. It 
becomes mean longitudes or madhyamas of the planets at the intented 
date. The majority of the books are of karana type. This class also takes 
a cut of date, which is called karanarambha. In the tantra class, cut of 
date is fixed to the first Kali day, but in the karana class it differs. For 
example, GP accepts 13.4.1899, while Suddhadrgganita accepts 
1 5.8.1 947 as the cut of date. After calculating the mean motion of the 
planets, upto the intented date from the cut of date the astronomer 
adjusts it into the ksepaka. The result becomes the mean longitude of 
the planets at the intented date. 

Kerala astronomers followed four systems for calculating their 
almanacs - Aryabhatan, parahita, drk, and suddhadrk systems. The 
last one is the latest and it is the most accurate one . The first book in 
North Kerala adopting this system is GP. Almost at the same time, 
Ganitanirnaya of P.S. Purusottaman Namboodiri was published. After 
the publication of these books, almost all the astrologers of Kerala, 
followed the suddhadrk system only. 

Author 

Keloth Vaccakkara Anitil Raman Ejuttacchan is the author of GP. 
He was born in Payyannur, the exact location was Kejoth, two 
kilometers west of present Payyannur busstand. Later, he shifted his 
residence to Annur. This house is close to the Visnu temple in Annur. 

Rama Poduval was born in 1 881 AD. His teachers are Srikantha, 
Karippat Kammaran Ejuttacchan, Kunhiraman Ejuttacchan, Cuvatta 
Cindan Ejuttacchan, Uttamantil Ejuttaccan and Kandampat Raman 
Ejuttaccan. His parents were Ciriyakunhi Amma and Kunhampu 
Poduvaj. He married Kodi Amma, who belongs to the family named 
Kallidil Padinnarekkara. He had three sons and two daughters named 
Covindan, Krsnan, Kunhiraman, Devi and Laksmi. The youngest 
daughter still lives at Annur. 

During his astrological practice at Karnataka, he met a scholar 
named Suryanarayanappa. This scholar gave him inspiration to write 



Indian Scientific Traditions 


G anitaprakasika 


GP. Then he watched the sky for astronomical studies for over twenty 
years. He was a widely read man, having mastery over astronomy. His 
teacher’s professional experiences, his contact with Suryanarayanappa, 
the presence of sincere and ioving disciples like V.P.K. Poduva! and his 
personal experience helped him in writing GP. 

GP is the only available book of Rama Poduvai. He states in GP 
his intention to write another book, Grahaganitakoslhakam. But there 
is no evidence for that he wrote the same. He died in 1 959 at the age 
of seventy eight at his residence in AnnOr. 

Contents 

As has alrady been stated, the GP, is a book of karana type, and 
it is really a hand book. There are eight chapters named prakaranas in 
the book. Pancanga, madhyama, sphuta, grahana, misra, pata, 
maudhya, and chaya are the eight prakaranas. The first chapter deals 
with the mode of calculation of pancahgas. Hence, the author adopts 
certain aspects of the old parahita method, using the terminology of 
the new drk system.The main purpose of this chapter is to help the 
astrologer to calculate pancahgas easily in their nityapancangapuja 
which is a traditional custom of astrologers in Kerala. The star, day, 
tithi, karana and yoga - these are the pancahgas. The knowledge of 
these is essential for an astrologer for his daily work. So, the first chapter 
explains, how the pancahgas are easily calculated. The second chapter 
mainly discusses the madhyamaganita. There are three main steps that 
the astronomers adopt to determine the real position of planets. Thev 
are madhyamaganita, ravimadhyadrsya-sthanaganita and 
bhumadhyadrsyasthanaganita. Among them, the madhyamaganita is 
described here, and the others in the third chapter. The fourth chapter 
is grahanaprakarana which deals with the calculation of eclipses of 
the Sun and the Moon. The fifth chapter explains how horoscopes are 
to be prepared. Here, we get the method of calculating lagnasphuta, 
gu ikasphuta, naksatradasa etc. In the sixth chapter, which is 
pataprakrana, the author, deals with the lata and vaidhrta dosas. 
Maudhyaprakarana is the seventh. There, we have the method of 


calculating maudhya of the planets. The last chapter is chayaprakarana, 
which explains the calculation of shadows. 

Critical Analysis 

GP follows the traditional customs of North Malabar. The 
acceptance of the transit day and the calculation of the Sun’s 
longitude prove this. The book accepts Ujjayini as the centre of the 
earth and the dhruvakas, aphelions, perihilions etc, are calculated here 
as on that place. But the author gives gunakara and haraka, calculated 
as on Payyannur. The book contains 366 verses in total. The author 
gives derivations of some technical terms, but most of them are accepted 
without showing derivations. 

The first chapter deals with the mode of calculations of pancahgas. 
The chapter focuses to calculate the true longitudes of the Sun and the 
Moon, the pancahgas etc for the nityapancangapuja. Because by 
calculating after this method, we get only a moderate result. It is enough 
for nityapancangapuja, but for calculating horoscope etc, the correct 
and accurate results are needed. So, the author tries to get more 
corrections as karsasamskara, carasamskara etc. in the second chapter 
itself. At the time of the publication of GP, different almanacs published 
from Kerala followed different methods. Most of them followed the 
parahita system but the caiculation results by this method are found 
inaccurate today. To get an accurate result, more corrections are 
needed. So, the fundamentals and inethods are to be changed. This is 
the main reason for the formation of the drk system. By this system, we 
get an accurate result. Hence, in the first chapter of CP the author 
retains the method of the parahita and promulgates the importance of 
the suddha drk system by accepting the principal values or mulyankas 
of the new system. After the publication of GP most of the astrologers 
adopted the method given in it. 

As said above nityapancangaganita is a traditional custom of Kerala 
astrologers. Ganapatipuja, Sarasvati puja, Krsnapuja, Gurupuja, and 
Suryadipuja are included in it. In the same order the author explains 
the invocatory verse. For the calculation of the stars, tithis etc; the true 
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longitudes of the Sun and Moon are needed. For this purpose, the 
author gives some tables as candravakyas, tithikendravakyas etc. as 
seen in the parahita system or vakyapaddhati method. The calculation 
using vakyas is the main characteristic of parahita system. For this 
reason, it was known as vakyapaddhati. But the fundamental values 
and measures given in the table are not the same as in the old. Here, 
the author follows drk system. Hence, this chapter shows, two-face 
characters, ie, the method of parahita and the values of drk system. 

In the second chapter, the length of year, karanirambha, method 
of calculating madhymas, method of calculating Kali date, 
grahadhruvas, aphelion, perihilion, corrections of karsa, cara, 
pranakalantara, aharmana, suryakranti etc. are explained. GP accepts 
the year of 365 days, 15 nadika and 23 vinadikas. It is adopted from 
the modern western astronomers like Simon Nukobe and Laveriyar. 
When we compare this to the figure given in the Ketakfgrahaganita, it 
is understood that the two figures of the length of year are equal. 

The method of calculating Kali date is very easy for the 
astrologers. CP gives the minute calculation , that is, here we get the 
Kalidma sahkhya with gurvaksara. Therefore, the method given in GP 
is very easy and useful for astrologers. The karanarambha, accepted in 
CP is 1 3 .4. 1 899. If the astrologer calculates the longitudes of the planets 
according to the Kollam era, the acceptance of karanarambha as mesa 
1st will be very helpful, and if he calculates according to the Kali era, 
the day of completion of year is more helpful than other days as 
karanarambha. The karanarambha of the CP corresponds to 1st mesa 
of 1 1 1 3 and the day of completion of the Kali year 5000. 

The author accepts the fundamentals of calculation on the 
basis of Ujjayini. Our ancestors accepted Ujjayini as the centre of the 
earth. The dhruvaka, aphelion dhruvaka, and perihilion dhruvaka are 
connected to Ujjayini. Two methods are given in CP to calculate the 
grahabhoga. One of them is gunakaraharaka method. This is mostly 
used in the parahita system. It is said that, before the publication of 
CP, astrologers calculated their almanacs using parahita system. 


Considering this in mind the author tries to add new principles with 
the old method. The average motions given in CP are very accurate. 
The author says that these are accepted from sophisticated methods. 
The Ketakigrahaganita, Ganitanirnaya and Suddhadrgganita also accept 
the same values of motions. In the correction of mean longitudes, the 
author accepts the correction of gravitation or karsasamskara. The 
Jupitor and the Saturn have a large mass, and so their attraction force is 
great. By this, the gravitation force (karsabala) of these two are essential 
to correct the mean longitudes. In the case of other planets their 
karsabala is too small to calculate. By the period of 918 years, the 
Jupiter and the Saturn complete one karsavrtta. Here, the author explains 
the method of calculating gravitation force of these two planets. Besides 
these the gravitation force of the Earth on the Moon is also remarkable. 
The orbit of the moon is changing, as the gravitation power of the 
Earth. Hence, there is a possibility of change of position of aphelion 
and node of the moon (tuhga and rahu). The correction of this is known 
as candrakarsa. It is a good step taken by the author as it gives an 
accurate result. A collection of five corrections is named as 
aharmanasamskara. Udayantara, desantara, cara, pranakalantara and 
karsaphala are the five corrections. In GP these five corrections are 
accepted to minute in the mean longitudes of planets. For calculating 
the corrections, the knowledge of the trigonometry is essential. So, the 
author explains the different aspects of trigonometry. The second 
chapter is the base for calculating true longitudes of planets, and so it 
is very important. 

The most important part in the astrological calculation is the 
calculation of true longitudes. The two chapters - madhyamaprkarana 
and sphutaprakarana - explain the process of grahasphutaganita. The 
result by using CP method is very accurate. The most easy calculation 
among the grahasphutaganita is the suryasphutaganita. Only two steps 
are adopted there - determination of the mean longitude and the 
correction in it by mandaphala.The author explains the method of 
calculating mandaphala. For the easy calculation of mandaphala 
correction, the author gives the tables of mandaphala and mandakendra. 
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This is very useful and helpful for an astrologer. The tables given in 
CP are proved very accurate, it is prepared for the twenty four chords. 
The method of calculating mandaphala described in CP is very simple. 
The author follows two methods to decide the mandaphala in a shortest 
way, and to correct it as minute as it can. If you need mandaphala in 
an average, you can accept the first method; if you want its minute 
form the second method can be accepted. The mandaphala given to 
the Mars, Mercury, Venus and Saturn are also found very accurate and 
correct. The most difficult part in the grahasphutaganita is the 
calculation of the candrasphuta. The moon takes a short period for its 
revolution and so its movement comes very fast than those of other 
planets. The moon revolves round the Sun and the earth. Hence, the 
calculation of true longitude of the Moon is a complecated process. To 
get the minute and accurate candrasphuta, a minimum of twenty three 
corrections are needed. CP explains five corrections as aharmana and 
seven kendrasamskara. But in Suddhadrgganita, the author explains 23 
corrections and so the results according to CP and the Suddhadrgganita 
show some difference. 

The correction of sighraphala is another important topic 
explained in this chapter. There are two steps for the calculation of 
sighraphala. At the first step, we get an average sighraphala. The 
second step explains the method of calculating minute sighraphala. 
The formula given for the calculation of sighraphala of Mercury and 
Venus is different from that of Mars, Jupiter and Saturn. For the 
calculation of sighraphala of Mercury and Venus, it is explained as, 

Grahamadhyam amandakarnam x bhujajya 
suryasphuta mandakarnam 

and, for the calculation of the sighraphala of Mars, Jupiter and Saturn, 
it is given as, 

S uryasph utamandakarnam X Jya 
Sphutasighrakarnam 

After the calculation using these formulae, it is found that the 
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result of the sighraphala of Mars, Jupiter and Saturn is same as the 
result in the table given in CP, but it is different according to Mercury 
and Venus. While comparing these with CN and SD we find that the 
results given in the table are the same and the results got by the 
calculation using the formula are different. If the formula for Mercury 
and Venus is changed as, 

Grahamadhyamamandakamabhujaiya 

Grahas-ighrakarna 

then we will get the same result given in the table. 

The most practical and easy method is given in CP for the 
calculation of the eclipses. The important thing here is the 
calculation of the longitudes to the darsanta. Among the seven 
kendrasamskaras of the Moon, the sixth, seventh and fifth are no! 
necessary here. The author explains that the result of these three 
corrections and the result of the viksepavalana are the same. GP 
accepts viksepavalana as a separate correction and rejects the above 
three corrections in the calculation of lunar eclipse. CN and SD accept 
the kendrasamskaras and do net accept the viksepavalana. Firstly, the 
eclipses are determined by calculating grahasphutas. If there is any 
possibility for an eclipse, the astrologer proceeds to the next step. 
Sputaparvanta, discs of the planets, samparkardha etc. are calculated. 
By these they can find out the accurate time of lunar eclipse. For the 
calculation of solar eclipse, lambanati, nata, muhurtas, harajya, 
sphutalambana, sphutantara, kendrantara etc are needed. The 
calculation method given in GP is very simple and the result found 
very accurate. By comparing these with the calculations of other books 
like SD and CN no variation is found. 

In the Misraprakarana, balapindaganita, dafiaganita, jatakaganita 
etc are explained. These topics are very useful for the prediction of 
future based on the horoscope. A detailed method is given in GP for 
the calculation of cakrardha. Firstly determination of the cakrardha is 
given. When the union of the sayanasurya and sayanacandra occurs at 
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golardha and golanta, the two types of cakrardhas are happened. If it 
comes at golardha, the cakrardha named vaidhrta happens, and if it 
comes at golanta the same named lata happens. It is very useful for the 
adjustable thinking of the cakrardhas. So an astrologer can omit these 
dosas from the muhurtas. Then the author explains, the method of 
calculating cakrardha accurately. Krantisamya is the main process in 
the calculation of cakrardha. The table of the krantis is given in CP. 

Three main topics, included in the next chapter are maudhya 
ganita, yutiganita and vakraganita. For the calculation of maudhya, 
yuti and vakra the author provides simple methods. Anticipating the 
maudhya, preparation of kranti and viksepa, corrections of 
grahasphutas, calculation of maudhya are the different steps. For this 
calculation, candrasarakarsanaphala, krantighataphala, arksaphala and 
grahacaraphala are needed. The author gives tables for the above. He 
does not explain the process of derivation of the same. When we 
compare the tables of CP with those of other similar books, we can 
see the accuracy and perfection of it. The yutiganita is explained in 
CP by five verses. Preparation of the discs of the planets and of 
sphutaksepa are difficult to calculate. In GP it is not clearly explained. 
The processes of calculation for eclipses and yuti are almost the same. 

In the last chapter the author gives the method of calculating 
shadows. In GN it is explained broadly, but in CP it is explained 
minutely. For the calculation of candracchaya, the process is very 
complicated. More time and patience are required here. 

We may conclude that CP tries to explain almost all the 
calculations in the jyotisaganita. We can understand that the 
author gives more importance to the calculation of grahasphutas and 
the eclipses. The results are very accurate, and so this book is accepted 
as the basic text for the modern jyotisa ganita. It is assumed that by its 
accuracy, the astrologers of Kerala accept the book as an authority for 
their daily calculations. 

❖ 


SECTION II 

Ayurveda and Allied Sciences 


t 
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Blindness - Its Cause and Cure 
According to Astangahfdaya 


E.R. Ramabhai 

Among the human organs, eye is very important and very 
delicate also. By nature, this is being protected. But inspite of that 
sometimes it is being afflicted by factors like heat and cold; vata, pitta 
and kapha and these would finally lead to blindness or timira if 
neglected or not properly treated. This blindness is caused by the 
afflction of the optic nerves, ie. kaca or by the formation of a film or 
coating over the eyes, ie. patala. According to Astangahfdaya, there 
are four stages of blindness. According to the defect in the nerves, in 
the first stage, the person will have a blurred vision, ie. avyaktadrsti. 

rmiddiClfai trT wq I 

atoU^qlST^ otlTbqcKPilTMd: 1 1 

In the second stage, the person could see with great strain; he 
could see the objects nearby but not the objects at a distance and 
minute objects (ie. short sight) ; sometimes the objects nearby would 
appear as though lying at a distance and vice versa: 

■fRT ^ ^ TT§q xT I I 

qtq xr faqqfttq q^ i 

Again, the objects would appear as circular. Sometimes, 
because of the dosa (defect) in the centre of the eye, single object 
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would appear as double; if the defect is manifold single object would 
appear as manifold; if the defect is internal short object would appear 
as big and vice versa; if the defect is at the lower portion, then the 
person could not see the objects nearby; if it is in the upper portion, 
the person could not see the objects at a distance; if the defect lies on 
one side of the eye, he could not see the objects at the sides. All these 
defects go by the name timira. 

qH BWcdldM q^qfir 1 


qpj q^^rr qpJTT 1 1 

In the third stage the eye gets kacatva. In this stage if 
neglected, the eye will slowly lose its power of vision: 

qPHlfcf qtTERTT qt^ ddl-MPdcdlf^ I 
diqedd-4cd Iddlldd I I 

By this kacatva, a person could see only upwards and not 
downward objects. This is just like the vision being obstructed by thin 
cloth. When colour changes power of vision also is lost 
gradually. When eye is neglected in this stage, it will lead to the fourth 
stage and the vision should be completely obstructed. 

qqsf qsot *rtt i 

fcTsFFTTTr cTcTT <^ 4-1 Wld 4 q I I 

The above mentioned are the general defects of the vision. But 
specifically, blindness would occur because of vata, pitta or kapha, 
the three humours. 


?TT qT#T ■aTTf^firq q^qlcf M 

qdlfacdlpuikMI-'H qTRt -H|: I 
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TTOtHtT q^-McdUq-HHiRiqiq' I 

q-s; 4 Vqid 4 qx 4 Tpq# 1 I 

qsrqt ^qfeqfhTTTTq?nf^q I 
FP^T^rmf fqqfWf q§qi m ?qqsfaTq 1 1 
In the first case, the curved objects would appear as straight. When 
the eye gets affected by vata, the vision will be obscured, 
unsteady, of red-hue, seems to be clear, feels the face as without nose, 
feels the moon, light etc, as manifold, if the kaca is grown much, the 
vision will become blurred as though covered with smoke or dust. 
When afflicted by vata, the eye nerves would get contracted and give 
rise to the defect called gambhira. 

When timira is caused by pitta (bile), the eye could see the 
objects illuminated by lightning, objects resembling the wings of 
peacock and tittiri birds; generally the dark objects and the parivesa 
(halo) of sun and moon. 




^P 


qrrf qfct q rmfcr 1 1 

TPTT dld 4 d q q^qf^ I 


Idled I f^TTTvffqq ^P f^TrsjT icd^HISTcP I 
In this case, the objects illumined by lightning etc., would be seen 
as the colour of the feathers of a peacock, and the eye will become 
dark like that of bee and loses its power of vision. Pitta will also give 
rise to Short-sight and the eye will get yellow hue. 

fq#q FWiqqi qr fttt Froqf^pfr 1 1 
^4R4q[4q j 'di'ipm qtcfT qtrrrqqsfqr l 
When the eye gets affected by kapha (phlegm), it could see the 
glossy and white objects. 

TO ftroq- Tj- q-^qfcT I I 
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In such cases, the eye will shrink in the light and expand in the 
shade. The eye would become white like conch, moon etc. The bindu 
will be moving like a water drop on lotus-leaf. 

When the vision gets affected by blood, the eye could see only 
red or black objects. When the blindness is total, the eye would not 
be bright and could not see anything. 

T%T fcrf*rt TtP XT I I 

TcFJT ^TT cTT xT I 

foTs^Fmtsfa cTT^T ^5 PT5TOT I I 

When the eye gets affected by the disease called nakulandna, it 
could recognise the objects only during day and not at night. 

ddlilM' f^f At f^T I 

There is another defect called when the vision will get blurred 
when the sun sets. When afflicted by heat and suddenly immersed in 
cold water, the eye would be affected in three ways. This is known as 
amlavidagdha. When the person is afflicted by agony, fever, head (brain) 
disease, eye being also afflicted by vata, etc, the person would get an 
obscure vision of objects. This is called dhumararoga. 


SJTTlfctvri' TT STTTT I 

Totally 27 types of blindness have been described in 
Astangahrdaya. 


After enumerating different reasons for timira, the author 
prescribes many eatable drugs and ointments for external application, 
to cure the above mentioned eye-diseases. A few such recipes are 
described here. 


Many ghrtas and kasayas are prescribed to cure timira caused by 
many reasons. Then he prescribes anjanas or medicinal pastes made 
of different ingredients for external application. The author then 
describes the method of removing the cataract. Finally he gives 
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instructions to diagnose the defects and how to protect the eyes 
generally. 

The author says that these are mentioned by Atreya and 
others: 


ffrt ? wpr^n^fl' iTgrfe I 

Let us see a few such ghrtas. 

(1 ) B)4xdl^dd 

Eight palas of should be boiled in one adhaka of water till it 
is reduced to 1/4 of the quantity. This should be mixed with equal 
amount of milk and boiled till it gets its required form (3ttfcrc?T) and 
again should be mixed with sugar or honey (maksika) and should be 
drunk by the person whose eyes are afflicted. 

TTRJ I I 

dc-4 M 4 I 

^ TTJrf? 3T qtiqqpT I 

The triphalakvatha along with ghee (sarpih) would cure timiraroga. 
The food mixed with triphala powder also acts in the same way. 

(2) Rice mixed (cooked) with cold milk, along with triphala or 
(along with) honey or sugar can be eaten in the morning. This could be 
eaten either with haritaki, or mrdvika, sarkara or ksaudra separately. 
Thus when taken constantly would control timira. 

tTPTTf 3T sTTPpR I 

yid^TbW ^rr qyqs qqqs | | 


Like this pratotadighrta, mahatraiphalaghrta, etc., are 
described by the author. Next many anjanas are described. 

f^rTrT^TFTT ‘H'd-S-'K-tJ 44ijqiq|umo.-qcriJH | | 
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3T^t^l<£d TO I I 

cTt% fedk^ I (31b -33a) 

30 parts of sisaka (lead), 5 parts of gandhapasana (sulphur), 2 
parts each of sulba (copper) and talaka (palmyra), one part of vahga 
(trapu - tin) and three types of anjana (krsnanjana, puspanjana and 
rasanjana) everything put in the andhamusa-, ^should be heated and 
treated; but should not be oxidised. 

31>fvJdMm-1 Mdld: ~f <T dlUdMIh 
When this is applied to the eye afflicted by timira, it would 
remove the timira like sun removing darkness. The tuttha (copper 
sulphate) when heated many times in gorhUtra, chagalarasa, 
amlakanjiha, stristanya, havis, visa and maksika would strengthen the 
vision when applied. The author described that a sajaka (thin rod or 
needle) of sisa when heated again and again in the triphalakasaya, 
bhrngarasa, savisajya, ajapayah and yastirasa (seven times boiled) and 
applied to the eye with or without anjana would cure the timira. This 
is called drstasalaka. 

Another one: 

ddl'klo'd-H^ load'd I 


When mercury and lead of equal quantity mixed with anjana 
(sulphide of lead) of the quantity of the mixture and a little 
quantity of camphor are treated chemically, that paste when applied 
would remove blindness. An Interesting recipe to cure timira we find 
in the following verse: 


f^TtTTTTtj I I 
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When dead (black) cobra, along with four scorpions, put 
inside a pot of milk and allowed to decay for three weeks and then 
churned, the butter would be removed out of it and it should be 
administered as food to a cock. The purisa of that cock will be capable 
of curing timira and the person would get back his vision. 


Again we find: 



The blindness will be removed (cured) if the chemical 
combination of the fat of a black-cobra, conch, clearing nut and anjana 
is applied to the eyes. 



' If the paste (anjana) formed out of precious stones (gems) silver, 
crystal, gold, sroto’ njana, copper, conch, raktacandana and 
kumkum (or china clay) is applied to the eyes, will cure any disease 
pertaining to eyes. 

At the end of the chapter, the author quotes the instructions of 
sage Nimi, to protect the vision thus: 



TTR T§TTOff§T' J R5T RFTPT I I 

After prescribing the recipes in general manner, medicines for 
eye diseases, specifically caused by vata, pitta and kapha are prescribed. 

For the timira afflicted by vata, the ghrta mixed with 
dasamulakvatha, along with four times quantity of milk, treated with 
triphalakalka should be taken by the patients. Then he should take 
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milk which is treated with triphala and pancamula (kvatha) along with 
erandataila (caster oil). 

cTTcFJl' cFT I 

^'RPo^q^cr T^^-rid: I I 
f^qxTTqw-^THT §ftr#gcFTl 

fc^xFPTl | 

When the eye gets afflicted by pitta (bile), the ghrta treated with 
jivani (?>. tsffqnff), and phalatrika (triphala) should be taken. 

yq><?fqfh 

jcrcnf^RT myf^cdi 1 1 

4td: ftrrr I 

The anjana prepared with sauvi ranjana, tutthaka, srhgi, 
dhatriphala, sphatika-karpura of the proportion of five parts, five parts 
(srngyamalaka), three parts each, sphatika karpura one part, when all 
these are treated chemically, the anjana formed would cure timira. 

?fi 4k i ooh ^c^ a T^fhrnfl I 

q^mt qosqf^t iMftsft 1 1 

XHL36b-37a. 

When the timira is caused by slesma, is cured by the ghrta formed 
of amrta, kvatha, vara, kana, and srta. 

3?i l d l qu f?Tc| < l q> °T 3TcT 'qcfq I 

tytiElTof-RT qjdddl <?'£)! cx| jq} xPT*T I I 

qyry - rp^Eq I 

The timira caused by rakta would be cured thus: 

3T?-iyT Tl^-idd I y ^FWFTf*T%T I 

■N 

fTTATetefF ToT^OqfffqTTFT TqFTTqRT i I 

Again the treatment for timira caused Jay pitta has been 


described. Similarly medicines and anjanas are prescribed for 
nakulandha, ratryandha etc. 

For nisandha, the anjana prepared out of ghrta, ksudra, gomaya, 
svarasa, tarksya, gairika and talisa, should be applied. 


-t -dishy i I 

cTT§-4tlh‘chdlcHllifeTT^' i^ddocddH I I (XIII. 84) 

For ratryandha or nisandha, the tender shoots of jivanti treated 
with ghee, should be taken in. Similarly atimuktaka, eranda, sephali 
(nirgundi) and abhiru (satavari) treated with ghee should be taken in. 


fttsgfifa -didmiii: qcTTtrrf^T •qsFfa I 


W yet q% qT^ Tf qfaFFT I 

In the 1 4 th chapter, the author described the timira caused by kapha 
(phlegm) and the consequences and the remedy or cure for the same. 


STOTrrt icH4 : -'idi^Fqici%T wrs/nwr-ff: i 

f^W'dlci fcTsPR15T qsqJT^qcFT I 

siiuriy-y ilqPqr I I 

Here the obstruction caused to vision is, when the eye is being 
afflicted by phlegm (kapha) when the timira has been fully ripe. How 
to cure it? And how to remove the six types of distress? (Here it seems 
that the author is referring to cataract). 

When the kaphodbhavalinganasa has not become ripe, 
uneven, resembling the dad'nimastu (colour of the cream of curd), when 
removed by a thin needle would grow again; would cause severe pain, 
sight would be blurred (and the person would stumble) would be 
augmented by the food of kapha predominate or 
otherwise. 


^fts-uoollcfl % fWrf I 

^Mi^yisy^telsft' qqq4 1 1 
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^qdi cftsTT xf ^FT^c^TT I' 

Scfcq# ttrj ^ff-s^r ^Iqycj^qrra; 1 1 
The (lihganasa) cataract would be white since slesma is white 
but if affected by other defects such as vata then it would be nTla 
(black or blue). 

% .ftffff^rpEs^wrTT ftrar i 


■TTT I I 


3TTTcR)5f-^T^^-Tr5fhRcff-few?pfT- 

Among the six dosas- in avartaki, the vision will not be steady 
reddish and black (the six types of distress one, avartaki, sarkara, 
rajimati, chinnamsuka, candraki and chatraki). 

In all these thus the colour of the eye is being described. For 
example in chatraki, the vision will not be of one colour, it would be 
nilavarna (i.e. black) 

fsthtt y>^c£j hf? h f fed <+> 1 1 

The method of removing the cataract has been explained by the 
author thus: 

3W Trmrnit ^7^ ^'H^ilRidiFM: 1 
SFPRT TdtfT I I 

C\ 

yP^d't-MlhPdtdFI. f^TTT§TFT Fj-WlPieh I 
dt^qVejd FcFT II 

wr fftt TjfSr enf^ l 
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After the kapha is being removed, the eye should not see very 
minute object, very bright object etc suddenly. 



In order to pacify the eyes, the ghrta mixed with the kalka 
(residual) of durva, yava, gairika and sariva should be applied on the 
face (i.e. the face should be anointed with ghrta). 



Thus so many methods are described to pacify the eyes. 

In the next chapter the author described the methods to find out 
the different types of timira. 

In the 16th chapter, the author gives many methods and recipes 
to prevent eye diseases (timira). 

The horse-gram should be mixed with gosakfdrasa and tied 
in a cloth. Should be dried then. This would pacify the timira 
caused by vata. 


37K=uii|-ctS'i|UKd MCM'M'Stl: •HRclH I d^Rth^l^d I : <Jelc®TTT | 
rTsspjf i hdiTii jcrsjelci ttti ifT qfhFT I I 

For example, the pain in the eyes caused by vata, pitta, kapha and 
sannipata would be removed quickly, if the juice of tender shoots of 
sigru (a pot herb) and maksika is applied. 

dldfad^THlRimdoti oL|'i| l-H I 

^T^rfcT Wf^TcTT I I 

Similarly svetarodhra with madhu and ghrta, when being 
powdered, when put it in a vastra and softened by stanya, when 
applied (or presented with it) would cure the timira caused by pitta and rakta. 
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The eighteen varieties of eye-diseases which are distressing the 
eyes for a long time, and collectively called as pilla have been 
mentioned, and the method of curing them also are described. 


to C\ 

^yif^tncpy fW 1 1 

ftwTIWr 414 cfrlcHldsjft-H: I 

First the method of general treatment has been described One or 
two methods are given here. The seeds of karahja, surasa, sumana, 
oraka (Indian beech, tulasi, jatipuspa, mukula) everything being 
crushed are boiled in water. When boiled chemical reactions would 
ake place. The anjana made out of it would cure pilla (dosa) and the 
eye lashes also would grow. 

TjTFTT ^-| | 

Ttprcrf to i ! 

Mixture of haritala (yellow sulphur), sauvTra (badari) anjana and 
twice the amount of the above mixture of tamracurna - these two should 
e made nice powder. When this powder is applied with a salaka to 

the eyes, would cure the pilla (dosa) and the eye-lashes will grow even 
applied once. 


31cT S #4kcPRo5Ff to- (TTHTi TPT rfra^T | 

sprh^ 5 ?RTT^ 7 Tft -1 I 

After describing many recipes, the author finally gives an 
instruction, generally to all who are desirous of possessing good eyes, 
everybody should consume (necessary quantity) of old yava (barley) 
wheat, nee, green-gram which is capable of removing kapha and pitta. 
Vegetables etc. should protect the eyes from schorching heat, protect 
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the foot, periodical check up of the eyes. One should avoid the food 
which would cause indigestion. Avoid anger and agony (too much). 
Avoid sleep at day-time and waking at night. In this way even with 
regulated food, one can protect the eyes. Again he explains that in the 
middle of the feet, two siras (veins) in each foot, in a slight form, are 
reaching the eyes. If these veins are afflicted, that would afflict the 
eyes. Hence everyone should protect their veins which in turn would 
protect the eyes. 


prefer s 4'd TcTRit-sfa 1 1 



3 TFP -tcjlqtf Trirf qife-H ffrcTFt I 

firnxrt ^T§rt enft s ^Tmrnr 1 1 



S' f^-R: ^ <Tgsrr s i 



fr!T SSTT I 

'■^'(Trqr ^n> 7 rrf-f aw- 
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Carakasamhita 

A. P. Haridasan 

Ayurveda is conSi.crere'd'.-'as upaVeda'd If sFrapty means-' that the 
science of life is an impo.rfatrit branch .of knowfedge. It hs a stream of 
knowledge coming down from generation tq generation. Man has 
always worried on his ill health from the dmdjmmemorial and tried 
and succeeded to find out remedies for most of the ailments. As the 
knowlege developed, Ayurveda'- wasdi v ided w rtto 8 specialities - 
kayacikitsa (internal medicine), .sal-ya (surgery), salakya (diseases of 
ead), kaumarabhrtya (paediatrics)^ agadatantra (toxicology), 
bhutavidya (pertaining to microorganisms or spirits), rasayana 
(promotive therapy) andvaji karana (pretain'ing to aphrodisiacs). Many 
treatises are composed on each branch developing to the rank of 
specialities, simultaneously permitting them to have interdisciplinary 
approach and two specialities developed rapidly - the School of 
Medicine and School of Surgery. 

The School of Medicine was known as kayacikitsa or Atreaya 
punarvasusampradaya. The SchooL'of Surgery was famous as salya or 
Dhanvanatarisampradaya. 

Authors / Evolution of Carakasamhita 

Atreya Punarvasu had six important disciples. They were Agnivesa, 
Bhela, Jatukarna, Parasara, Harita and Ksarapani. All of them composed 
their own books on the knowledge gained by them. Among them 
Agnivesatantra stood first and Atreya was asked to modify the text 
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including other tantras. Later it was refined and enlarged by Caraka 
and hence the name Carakasamhita. Further it was redacted by 
Drdhabala. So the present text of Carakasamhita is the Agnivesatantra 
as refined by Caraka and redacted by Drdhabala. 

Date of Carakasamhita 

As mentioned above, the text being written, modified and 
redacted by three authors, it naturally reflects that the date of the text is 
not a single one. On the basis of internal and external evidences the 
date of Agnivesa may be fixed as- before Pan ini (7‘ h century B.C) and 
after the Atharvaveda (1 500 B.C) ie. near about 1000 B.C- The period 
of Caraka may be fixed, as near about 20Q. B.C. Drdhabala who has 
completed Carakasamhita by adding 1 7 chapters in cikitsasthana and 
entire kalpasthana and siddhisthana may be said to have lived in 4 th 
century A. D. 

Planning of the text 

The subject matter of the text is arranged in the following sections 
and chapters: 

Section No of chapters 

1 ) Sutrasthana ’ 30 

2) Nidanasthana 8 

3) Vimanasthana 8 

4) Sarirasthana '8 

5) Indriyasthana 1 2 

6) Cikitsasthana 30 

7) Kalpasthana 12 

8) Siddhisthana 12 

Total ‘ 1 20 chapters 

It is also believed that uttarasth§na was also there even at the time 
of Agnivesatantra; but it was not accepted Trf general. 

Sutrasthana deals with the fundamentals of Ayurveda. 
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Chapters: 

1 Dirghamjivitiya (on longevity) 

2. Apamargatandul iyam (seeds of apamarga used for sodhana) 

3. Aragvadhiyam (on aragvadha) 

4. Sadvirecanasatiyam (on 600 evacuations) 

5. Matrasitiyam (quantity of diet etc) 

6. Tasyasitiyam (one’s diet etc) 

7. Navegandharaniyam (nonsuppression of urges ) 

8. Indriyopakramaniyam (introductory description of sense organs) 

9. Khuddakacatuspadam (small quadruple) 

1 0. Mahacatuspadam (great quadruple) 

1 1. Tisraisaniyam (three desires) 

1 2. Vatakalakal iyam (merits and demerits of vata) 

1 3. Snehaahyaya (unction) 

1 4. Svedadhyaya (fomentation) 

15. Upakalpaniya (equipments etc) 

16. Cikitsaprabhrtiyam (physician equipped for treatment ) 

1 7 . Kiyantassirasiyarn (no. of diseases in head etc ) 

18. Trisophiyarn (three swellings etc) 

Astodariyarn (8 abdominal diseases) 

20. Maharogadhyaya (major diseases) 

2 I . Astauninclitiyam (eight despicables) 

22. Lahghanabrmhaniyam (reducing and promoting measures ) 

23. jantarpan i yarn (over saturation) 

24. Vidhisonitiyarn (properly formed blood) 

25. 'r'ajnapurusiyam (origin of person) 

26. Atreyabharadvajiyam (discussion among Atreya and Bharadvaja) 

27. Annapanavidhi (types of foods and drinks) 
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28. Vividhasitapitiyam (various foods and drinks) 

29. Dasapranayataniyam (10 seats of vital health) 

30. Dasamahamuliyam (1 0 great vessels of heart) 

Nidanasthana is the section on diagnosis. 

Chapters: 1. Jvaranidanam (diagnosis of fever) 2. Raktapittam 
(internal haemorrhage) 3. Culmam 4. Prameham (diabetes etc.) 

5. Kustha (leprosy etc) 6. Sosa (tuberculosis etc) 7. Unmada 
(mental disease) 8. Apasmara (mental disease) 

Vimanasthana is the section on specific features: 

Chapters: 1 . Rasavimanam 2. Trividhakuksiyam (three foid belly) 

3. janapadodhvamasaniyam (epidemics) 4. Trividharoga vijhaniyam 
(threefold sources of knowlede of disease characters) 5. Srotovimanam 
(channels) 6. Roganikam (groups of diseases) 7. VyadhitarOpiyam 
(special features of appearance of diseases etc.) 8. Rogabhisagjitiyam 
(therapeutics of disease) 

Sarirastnana is the section on the study of human body. 

Chapters: 1. Kathitapurusiyam (types of personal self etc) 
2. Atulyagotriya (different clan) 3. Khuddakagarbhavakranti 
(minor chapter on descent of embryo) 4. Garbhavakranti (development 
of foetus etc) 5.Purusavicayam (knowledge about the person) 

6. Sariravicayam (knowledge on body) 7. Sarirasankhya (enumeration 
of body parts) 8. JatisOtriya (principles of procreation) 

Indriyasthana is the section on signs of life and death. 

Chapters: 

1. Varnasvariyam (complexion and voice) 

2. Puspitakam (flowered person) 

3. Parimarsaniyam (palpable entities) 

4. Indriyanikam (sense organs) 

5. Purvarupiyam (predormal signs) 

6. Katamanisariyam (physical abnormalities) 
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7. Pannarupiyam (shadow and lustre) 

8. Avaksirasiyam (inverted image) 

9. Syavanimittlyam (blackish signs) 

1 0. Sadyomaran iyarn (signs of sudden death) 

1 1 . Anujyotiyam (poor digestion) 

12. Gomayacurniyam (cowdung-like powder) 
Cikitsasthana is the section on therapeutics. 

Chapters: 


I . Rasayana (promotive treatment) 

3. Jvara (fever) 

5. Gulma 
7. Kustha 
9. Unmada 

I I . Ksataksina (wounded & wasted) 

1 3. Udara 

i 5. Grahani (sprue) 

1 7. Hikka (hiccup) and svasa (dyspnoea) 
19. Atisara (diarrhoea) 

21. Visarpa (eryspipeles) 

23. Visa (poisoning) 

25. ^typesof vrana (wound) 

27. Urusthambha 
29. Vatarakta 


2. Vajikarana (aphrodisiacs) 
4. Raktapitta 
6. Prameha 
8. Rajayaksma 
1 0. Apasmara 
12. Svayathu (swelling) 

1 4. Arsa (piles) 

16. Pandu (anaemia) 

1 8. Kasa (cough) 

20. Chardi (vomiting) 

22. Trsna (polydipsis) 

24. Madatyaya (alcohol.ism) 
26. Trimarmiya (3 vital organs) 
28. Vatavyadhi 
30. Yonivyapat (disorders of 
female genitalia) 


Kalpasthana is the section on pharmaceuticals. 


Chapters: 


1 . Madanakalpam (pharmaceutical preparation of rhadana) 

2. Jimutakalpam 

3. Iksvakukalpam 

4. Dhamargavakalpam 

5. Vatsakakalpam 

6. Krtavedhanakalpam 


7. Syamatrivrtkalpam 

8. Caturaiigulakalpam 

9. Tilvakakalpam 

1 0. Sudha (snuhi) kalpam 

11. Saptalasankhinikalpam 

12. Dantidravanti kalpam 

Siddhisthana deals with successful management. 

Chapters: 

1. Kalpanasiddhi (successful preparations) 

2. Pancakarmiyasiddhi (successful management of pancakarma) 

3. Vastisutriya (principles of enema) 

4. Snehavyapatsiddhi (successful management of unctuos enema) 

5. Netravastivyapatsiddhi (s.m. of complicatin of nozzle & enema 
pouch) 

6. Vastivirecanavyapatsiddhi (s.m. of complication of enema and 
purgation) 

7. VaStivyapatsiddhi (s.m.c. of enema) 

8. Prasrtayogiya (s.m. of prasrta) 

9. Trimarmiyasiddhi (s.m.c of 3 vital parts) 

10. Vastisiddhi (s.m. of vasti) 

1 1. Phalamatrasiddhi (dose of enema prepared with fruits) 

12. Uttaravastisiddhi 

Importance of Carakasamhita 

It deals with the basic principles of Ayurveda. 

It describes the macrouniverse and how it is connected with the 
microuniverse individual living being, let it be a human being or a 
microorgamism. 

It finds the man as a wholesome individual. 

It discusses variouos topics from genetics to our daily practices. It 
propagates holistic approach. It enables one to find out remedy for 
each and every problem arising at any time anywhere. It gives more 
than 2000 medicinal preparations. In the view of an expert in Sanskrit 
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literature, it may stand equal to any classic in Sanskrit. The most 
important thing which impresses us may be the method of describing 
a thing. It usually starts with a question. Then discussion commences. 
Various experts present their own views and try to establish their points. 
Serious discussion goes on. Finally the master concludes the discussion 
by finalising the point. Carakasamhita is considered the oldest available 
authoritative text on medical science. 


Commentators 

Commentary 

Date 

1 . Bhattarahariscandra Carakanyasa 

6 th century 

2. Svamikumara/Svam 

inatha Carakapanjika 

7 th century 

3. Asadhavarma 

Pariharavartikam 

8 ,h century 

4. Himadatta 


8' h century 

5. Ksirasvamidatta 

Carakavartikam 

8 ,h century 

6. Patanjali 

Carakavartikam 

8 lh century 

7. Sivasaindhava 


8 th century 

8. Vaisnavacarya 


8 th century 

9. Celladeva 


8 th century 

1 0. Jejjata 


9 ,h century 

1 1 . Sudhiracarya 


9 ,h century 

1 2. Madhavacarya 


9 th century 

1 3. Amitaprabha 

Nyasa 

9 lh century 

14. Bhadravarma 


9 th century 

15. Bhasadattacarya 


1 0 th century 

1 6. Brahmadeva 


1 0 th century 

17. Bhimadatta 


1 0 th century 

1 8. Angiri 


1 0 th century 

1 9. Tsvarasena 


1 0 ,h century 

20. Gayadasa 

Carakacandrika 

1 1 lh century 

21. Naradatta 

Brhattantraprad i pa 

1 1 century 

22. Cakrapanidatta 

Ayurvedadipika 

1 1 Ih century 

23. Vrndakuntacarya 

Vmdatika or 

1 1 th century 


24. Srikrsnavaidya 

Vmdatippanam 

Carakabhasyam 

1 1 ,h century 

25. Baspacandracarya 


1 2 th century 

26. Tsanadeva 


1 2 th century 

27 Gunakara 


1 2 th century 

28. Jinadasa 


1 2 th century 

29. Maitreya 


1 2 th century 

30. Nagadeva 


1 2 ,h century 

31 . Bhavyadatta 


1 2 th century 

32. Bahulakar 


1 2 th century 

33. Sivadas Sen 

Tattvapradipika 

1 5 th century 

34. Gangadhara Roy 

Jalpakalpataru 

1 9 th century 

35. Yogindranath Sen 

Carakopaskara 

20 th century 

36. Jyotisacandra Sarasvati 

Carakapradipika 

20 lh century 

37. Jaidev Vidyalankar 

H i n d i 

20 th century 

38. Atridev Vidyalankar 


20 th century 

39. Ramprasad Sharma 


20 ,h century 

40. Vacaspati T.C.Parameswaran 


Moosad 

Vacaspatyam 



(Malaya lam) 

20 th century 

41 . M. Narayanan Vaidyar 

Malaya iam 

20 lh century 

42. Sree Gulab Kuverba 

Ayurvedic society Jamnagar 



English 

20 th century 

43. Dr. P.V. Sarrna 

English 

20 th century 

44. Dr. Ramkaran Sarma 

and Vd. Bhagawan Das 

English 

20 th century 
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Susrutasamhita 

M.l. George 

India has a rich medicaMegac'y. Ayurveda has got its Origin in 
ancient India. There are eight branches dealing with each speciality in 
Ayurveda. More or less they can be grouped under the broad terms, 
medicine and surgery. The excellence of surgical practice in Ajyurveda 
is attributed much to Susruta. This becomes evident as one goes through 
the celebrated compendium of surgery , Susrutasamhita. Today, when 
the high-tech Western medical proficiencies turn to grab a new holistic 
outfit, understanding and evaluating Susruta 's contrtibution in the 
practice of surgery and his imaginations aboutthe surgical probabilities 
can stimulate even the 21 st century surgeon. As Winston Churchill puts, 
the longer you can look back the further you can look forward/ 

Susruta - the author 

Susruta was the son of Visvamitra. The military teacher of Rama 
and Laksmana is different from Susruta’s father. Susruta was said to 
have been sent to Divodasa, the king of Varanasi for tution and training 
in surgery. Divodasa is also considered as Dhanvantari incarnate. It is 
generally accepted that Dhanvantari might have become symbol of 
surgical specialization, which was attained by Divodasa by virtue of 
his extraordinary skill in surgery. Among the disciples of Kasiraja 
Divodasa Dhanvantari, Aupadhenava, Vaitarana, Aurabhra, 


Pauskalavata, Karuvirya, Gopuraraksita and Susruta were prominent 
ones. The texts written by Aupadhenava, Aurabhra, Susruta and 
Pauskalavata are the original ones and became the sources of other 
surgical treatises. Out of. these four texts, Susrutasamhita is the most 
popular one and is taught even these days. Most of the historians agree 
that Susruta’s period comes in between 600 ETC. and 300 B.C. The 
mythological basis of Lord Dhanvantari being the originator of the 
surgical School and the historic basis of Divodasa and Susruta are 
complimentary in their total perspective. 

Susrutasamhita 

The most outstanding feature of Susrutasamhita is that it has stood 
over 2500 years with minimal additions and is being followed in 
medical practice even today. The description of the subject matter has 
been given in concise form to a major extent. Though it is essentially a 
text bdok of surgery, it covers all the aspects of medical practice under 
eight sub-specialities. The surgical concepts and procedures are 
discussed throughout. 

Though surgery was practised as a distinct speciality other than 
the ‘civil science’ of medicine, it was not included in the 
encyclopedic tradition represented by Carakasamhita. It is Susruta, 
with a particular effort, a stroke of genius, to break down the 
barriers of traditional specialization and to merge both into the 
‘science of medicine.’ 

In Susrutasamhita, we find reflections of the personality of its 
author. His humane appraoch to the problem, his authority and grasp 
of the subject, his mastery over the art, his respect towards elders and 
his fel|pwmen, consideration towards assistants and students, and above 
all, the topmost concern to his patients are evident from his work. 

Susrutasamhita is the first text to define health in terms of 
physical and mental serenity and well being which was incorporated 
by W.H.O recently. Susruta was not only a practical surgeon but he 
was a good teacher also. He enjoined every young surgeon to 
undertake teaching programme lest one’s knowledge becomes 
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stagnant. With the same motive, he translated his thoughts and 
experiences into a text book, Susrutasamhita. It consists of two broad 
sections. The first section named text related to surgery and is further 
divided into five cantos or sthanas. Sutrasthana is the first among them. 
It has got 46 chapters.The subjects dealt with under these chapters 
include: origin of medical science (Ayurveda), students’ initiation 
ceremony, index of treaties, interpretations, pre-operative preparations 
and arrangements, seasonal regimen, description of blunt and sharp 
surgical instruments, the principles of experimental surgery, entry into 
the profession, preparations and uses of caustics, thermal cauterization, 
burns, the application of leeches, the description of blood, study on 
abnormality of humors, the techniques of plastic surgery, abscesses 
and their stages, wound care, diet and regimen for the wounded, 
classification of diseases, the eight surgical procedures, extraction of 
foreign bodies from the tissues, wounds of good or bad prognosis, 
dreams and omens, the untreatable diseases, fundamentals of the 
treatment of the patient, classification of drugs and their properties etc. 

The second canto is nidanasthana which illustrates the 
pathology and diagnosis of diseases, contains 1 6 chapters. Conditions 
like piles, urinary stones, fistula-in-ano, skin diseases including leprosy, 
urinary symptoms, abdominal enlargements, abnormal foetal 
presentations, spreading cellulites, sinuses and breast diseases, glandular 
swellings, cervical lymphadenopathy, goiters, scrofa! swellings, 
venereal diseases, elephantiasis, fractures and dislocations are dealt 
with in this canto. 

Sari rasthana, the third canto, mainly deals with the anatomical 
and obstetrical considerations. It has got 1 0 chapters discussing physical 
and metaphysical aspects of all living beings, normally of sperm and 
ovum, fertilization and development of fetus, fetal anatomy, anatomical 
considerations of vulnerable areas (marma). arteries and veins, 
puncturing of the veins for blood-letting and the anatomical 
considerations and care of the pregnant woman. 

The fourth canto, cikitsasthana, contains 40 chapters. The first 23 





chapters of this canto chiefly deal with the management of 
surgical diseases. Both medical treatment and surgical management of 
the same disease are described. The remaining chapters deal with the 
subjects like the prevention of diseases, the aphrodisiae treatment for 
the sexually weak, general restorative treatment, restorative treatment 
for promoting intellectual sharpness and longevity, prevention of natural 
diseases and distress by restorative treatment. It also explains procedures 
like oleation, sudation, emesis, purgation, enema, urethral and vaginal 
irrigation, fumigation, gargles, nasal administration etc. 

The fifth canto named kalpasthana has eight chapters. 
Toxicology is the topic discussed in this canto. Doctrines of the 
protection of foods and drinks from poisoning, inanimate and 
animate poisons, snake-bites, poisoning by rats, poisoning by 
insects and their treatment are explained here. 

The second section of the book is called uttaratantra which 
contains 66 chapters. It is ascribed by some scholars to a later 
author of the same name. This part of the book deals with a variety of 
subjects including details of eye disease affecting each anatomical part 
of the eye and their management, treatment of eye injuries,, diseases 
of ear, nose and throat and their management, diseases affectiing head 
and their management, specific features of affliction of nine grahas 
and their management, gynaecological disorders and their treatment, 
the measures to keep health etc. Chapters 39 to 62 of uttaratantra deal 
with general medicine and psychiatry in Ayurveda. The management 
of the seizures caused by super human agencies, the management of 
diseases due to the suppression of natural urges are also included in 
this section. Chapter 65 is termed as 'tantrayukti', which explains 32 
keys to be used by the reader while using the text. 

While going through the text, one can easily find that surgery was 
practised by eminent persons in India with a reasonable 
degree of success. It is interesting to note that the theories of 
surgery propounded by Susruta hold good even today. For 
example : for centuries till Lister’s period (1 827-191 2) surgeons of the 
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West welcomed the formation of ‘laudable pus’ in the wound and 
actually employed several measures to produce it. Susruta, contrary to 
this, observed that clean wounds without the formation of pus heal 
faster. This upholds the present concept of primary healing. Surgical 
ethics and code of Conduct of an ideal surgeon have been briefed in 
Susrutasamhita. Susruta was the first surgeon to classify surgical 
instruments adopting nomenclature. Both blunt and sharp instruments 
were grouped in distinct categoires, grouping which is complete in 
every respect even now. 

Susrutasamhita promotes interdisciplinary approach in studies. It 
is likely during the course of training that many allied branches of this 
science might have received references. To understand those subjects 
better, one has to study them under specialists, because knowledge of 
one science alone is insufficient to have command over it unless it is 
supported by an insight into as many allied disciplines as necessary. 
Therefore, Susruta advises, to be seekers of knowledge by studious 
habits, discussions and acquintance with other works on similar 
subjects. Plastic surgery is the unique contribution of Susruta for which 
the world is indebted to him. 

Susruta has elabortaed and advanced the basic concepts of the 
properties and action of drugs. Susrutasamhita introduces many 
specific drugs for treatment. He classified drugs in 37 groups 
according to therapeutic uses. 

Commentaries 

There are about 20 important commentaries on Susrutasamhita. 
Dalhana’s commentary and Gayadasa's commentary are the most 
important and sceholiastic works. Dalhana lived during the second 
half of 12 th century A.D. He was a versatile scholar and a well-read 
commentator. This is evident from the long list of authors and works 
quoted by him in the commentary on Susrutasamhita. 45 Samhitas 
and 21 other commentaries have been quoted by Dalhana. From 
Dalhana's commentary one can perceive that there were different 
versions of the text Susrutasamhita prevalent in different traditions. 


Commentators belonging to various traditions have held up their 
traditional version and have presented their views on that basis. While 
presenting his interpretations, Dalhana analyses these versions critically 
and many a time gives his own version. Dalhana had particular leaning 
towards Gayadasa regarding textual versions. Gayadasa lived during 
1 1 lh century A.D. and was the physician of King Mahipala of Bengal, 
lejjata, Srimadhava, Bhaskara, Cakrapanidatta, Haranacandra, and 
Bhaskara Govinda Ghanekar, have also written commentaries on 
Susrutasamhita. Commentaries written by Gayadasa and Dalhana are 
the popular ones and the learners of Ayurveda chiefly depend upon 
these commentaries for clearing their doubts. Cakrapanidatta, who 
wrote the most popular commentary on Carakasamhita, has written 
commentary on Susrutasamhita also. But it is published only in part. 

Susrutasamhita has also been translated into many foreign 
languages. During the 8th century A.D. an Arabic version called Kitabi 
- i- sustud, was composed by lion Abillsaitial . In 1 883 U.C. Dutt has 
translated Susrutasamhita into English. Another English translation by 
K.L. Bhishagratna was published in 1907. Hessler rendered 
Susrutasamhita in Latin and Vellus in German. English translation named 
Ancient Indian Surgery edited by G.D.Singal in 10 volumes is an 
authentic work. 

Susruta stands out as a surgical Colossus, his glory not being 
dimmed by the mist of 2500 years. We can imagine his hermetic figure 
on the snanghats of the holy city of Varanasi in the early hours in the 
loneliness of meditation. Long before the sun rises, he would be seen 
in his ashram giving a discourse to his disciples or attending the sick, 

Susruta's practice was not a profession, but rather a prayer and a 
way of life. He was the greatest surgeon of the pre-medieval period 
and that his contributions have enriched the evolution of the current 
practice of surgery. I am sure, it is found to continue as an endless 
tradition. 
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Contribution of Vaidyaratnam 
P. S. Warrier to Ayurveda 

Thanu.V. G 

Panniyampally Sankara Warrier was born on 16 th March 1869 
as the only son of Rama Warrier of Marayamangalam Mankulangara 
Variyam and Kunjikutty Varasyar of Panniyampally Variyam. 1 
Sankaran^ his grandfather, was a great Ayurveda physician of that 
time. The very name was given to the grandson. 

Education 

P.S. Warrier started his education at the age of four under his 
uncle Kuttikrishna Warrier and learned Sanskrit under various eminent 
scholars. 2 He studied preliminary lessons in Ayurveda from Konoth 
Achuthan who was a palace physician. Then in the year 1885, he 
approached Kuttanchery Vasudevan Mooss, one of the famous 
Astavaidyas of that time and studied Ayurveda under him in the 
Gurukula system. Then he started practicing at Kottakkal. 

As a result of rigorous practices during Gurukula education, he 
had a serious eye trouble and so consulted Dr.V. Varghese, a surgeon 
at the Government Hospital. There he had to undergo a minor surgery 
for his eye. After the treatment. Dr. Varghese recommended to him 
that the learning of the principles of Allopathic system would help 
him in his carrier as a physician. Hence P.S. Warrier learned the 
principles of Allopathic system, modern anatomy and physiology for 


about 3 years under Dr. Varghese. P.S. utilised this new knowledge for 
promoting the Ayurvedic system. 

His knowledge of medicine thus embraced both indigenous and 
Western. Though he learned Ayurveda he respected Western medical 
knowledge especially surgery, anatomy and physiology, which 
' considerably influenced his vision of reform. 

5 Vision 

j P.S. Warrier had a liberal and catholic outlook. Although deeply 

, religious and orthodox in beliefs and practices his attitude towards 

; other faiths was influenced by cosmopolitan principles. 

I 

| As observed by Dr. K.N. Panicker , P.S. Warrier was free from many 

‘ of the prejudices of his time. Warrier had an open critical and eclectic 

I mind. 3 He was imaginative but practical, enthusiastic but patient and 

j energetic but systematic. This aspect helped him in bringing out his 

j reformal attitude in success. 

f Once he wrote in Dhanvanthari: "The antiquity of Ayurveda is a 

matter of pride for all of us, but nobody can deny that its present state 
| is quite deplorable. Due to reasons, both internal and external, our 

j medicinal system has steadily declined while in contrast, other systems 

have progressed in an equal degree. The people of West examine the 
laws of nature and invent new dimensions of science, thereby repeatedly 
j; revising the earlier scientific knowledge. We, on the other hand, blindly 

| believe that old sciences are perfect. As a reslut, we have not only 

| failed to progress but have also been pushed down the ladder by others. 

| If this state of affairs continues there is no doubt that Ayurveda will 

f become totally extinct". 4 Here he hints the need of reforms in Ayurveda. 

| The internal causes were related to three factors 1 . stagnation of 

I knowledge, 2. ignorance of the practitioners and 3. nonavailability of 

1 quality medicine. 

| • 

| Contemporary practitioners did not imbibe this knowledge 

| sufficiently. The classical texts were either not easily available or if 

I available, most of the practitioners did not have the necessary language 
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equipments to assimilate their contents. More easily accessible texts 
and commentaries in vernacular languages were also not adequately 
made use of. Instead of mastering the fundamental principles pf the text 
most of the practitioners adopted the easier method of oral instruction 
duriong short spells of apprenticeship under senior physicians. 

As a result, by the end of the nineteenth century an overwhelming 
majority of indigenous practitioners were ignorant of their art purveying 
borrowed prescriptions. Their only aim and objective was pursuit of 
their livelihood. 5 

Another major weakness of the indigenous system was the 
method adopted for preparing medicines. Medicines in prepared forms 
were very few and hence the. patients had to prepare them on the basis 
of the ingredients prescribed by physicians. What was prepared by the 
patients often did not measure upto the prescription, both in content 
and method. Thus occurs a wide gap between what the physician 
intended and what was actually administered to the patient. So .an 
effective mehtod to ensure the quality of medicine is needed otherwise 

even a competent physician would become ineffective. 6 

It was really a part of. general cultural intellectual regeneration 
taking place during the late nineteenth and early twentieth centuries. 

The movement in Kerala under the leadership of P.S. Warner 
throws some light on these directions. 

The efforts for the revitalization movement of Ayurveda 
revolved around three issues: 

1. The retrieval, systematization and dissemination of 
knowledge. 

2 The creation of institutional facilities for training 

physicians, 

3. Preparation and distribution of medicine. 

P.S. played a greater role in institution building and more 
importantly having a close connection with the cultural awakening in 
colonial Kerala. 


Aryavaidyasamaja 

As the first step to find a solution for some of the aforesaid 
problems, he himself took initiative and formed an association of 
physicians called the Aryavaidyasamaja 7 in 1902. 

The Aryavaidyasamaja was essentially a voluntary public 
platform to exchange views and share experiences. In the process it 
became an ideal platform for the revival and strengthening of Ayurveda. 

The inaugural session of the Samaja was held at Kottakkal with 
delegates from all over Kerala. Subsequently annual conferences were 
held in different places. The Maharajas of Travancore and Cochin and 
the Zamorin of Calicut were its patrons and P.S.Warrier was nominated 
as its permanent secretary. 8 

The Samaja contributed for the creative introspection into the 
past and the present of Ayurveda both in its knowledge and 
practice. 

The proceedings of the meetings had two sections. The first 
comprises general speeches which shed light upon the past. This helped 
to build confidence in the system. The second is the reading of papers 
which led to more professional discussions on illnes, treatment and 
medicine. 

This helped significantly to codify the uncodified experience and 
innovation of different physicians. It also helped much to 
unearth the problems and potentials of the discipline. The 
Aryavaidyasamaja was converted into the Kerala Ayurvedic 
Studies and Research Society in 1976 with professional and 
Governmental representatives. 

Works 

The codification and dissemination of existing knowledge was an 
area to which P.S. Warrier devoted considerable attention. The 
following are his works in Ayurveda: Cikitsasatigraha, Astatigasarira , 
Brhaccharira (2 vols), Malayalam rendering of Astangahrdaya, Visucika, 
Dhanvantari (fortnightly in Malayalam) and Aryavaidyacaritram. 
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Cikitsasangraha 

PS prepared and published a catalogue of medicines called 
Cikitsasangraha with details of usage, dosage and other information 
which would enable patients to use medicines even without the 
prescription of a physician. Moreover it helps to get acquaint the 
public with the rudiments of Ayurvedic medicines and treatment. 

Visucika 

It is a book on cholera meant to popularise the ideas of Ayurveda 
regarding the disease of that name, its cause and cure. Once the area 
of Kottakkal was got afflicted by the disease. Then Warrier made use of 
the chance to introduce Ayurvedic medicine for the same and saved a 
large number of people of his village. 9 

Aryavaidyacaritram 

This is a Malayalam work which deals with the history of Ayurveda 
jointly written with his cousin P.V. Krishna Warrier. This was perhaps 
the first history of Ayurveda written in an Indian language 10 : 

These attempts made Ayurvedic knowledge easily accessible to 
the public as well as practitioners of the medicine. 

Dhanvantari 

To popularise Ayurveda among the public he has brought forth a 
journal called DhanvantarP' . 

It was a fortnightly published by P.S. Warrier from Kottakkal in 
1 902. It served as a tounge of revitalization movement of Ayurveda 
in Kerala. 12 

This provided an open forum for debates and discussions, as 
evident from some articles published in it. 

He himself was a regular contributor. He emphasized righteous 
living in accordance with Ayurvedic principles. 

He wrote a series of articles entitled the “Western and 
Eastern Medicine”, which was really an eye opener assessment which 
brings out the strength as well as the weakness Of both the systems. In 
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these writings he depicts the advance made by Western medicine, 
and emphasized the adoption of certain ideas and methods from it. He 
admires the past achievements as well as the divine origin of Ayurveda, 
but simultaneously stressed the need for it reformation. 

While comparing both the systems he emphasized critically the 
relative merit and potential of Ayurveda for effective health care of 
Indians, as per the climatic conditions in which the body was located. 13 
By these efforts made easier the retrieval of knowledge for the public 
and practitioners. 

But bringing this process into practice is only possible, when this 
knowledge is internalized and incorporated by the existing 
practitioners. 

Astangasarira 

A sound knowledge of anatomy and physiology is inevitable for 
medical studies, be it Ayurvedic or any other system. Regarding this 
Caraka states the following: 

311^44 TT I I 

For the study of anatomy and physiology he has translated the 
western books in respective fields. But with this he was not satisfied. In 
order to fulfill this wish he composed a book on anatomy and 
physiology called Astangasarira otherwise called as Laghusarira which 
is an illustrated Sanskrit text book on anatomy and physiology. 

This work is divided into 8 sections called skandhas. He 
himself taught the book to the students of pathasala. It was 
published in 1926 in the All lindia Conference of Ayurveda 
Physicians 14 . This book was recognized with a certificate of merit 
by the 1 6 ,h plenary session of All India Ayurvedic Congress held at 
Jaipur in 1 926. 

Brhaccharira 

Brhacharira is yet another work written by P.S. Warrier for 
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making efficient the teaching and learning of human anatomy and 
physiology. 

This work is in two volumes. The first volume was 
published in 1 942. It deals with embryology in 21 chapters. This is not 
a mere translation of any modern work on embryology. It is a well 
planned adaptation of modern teachings' 5 . The second 
volume, Asthiskandha was published by S.R. Iyer in 1969. It 
consists of 10 chapters. Here he has done a great contribution to 
Ayurveda literature by Coining many technical terms 16 . 

Aryavaidyapathasala 

The institutional arrangement for teaching and learning was 
realized by the setting up of a pathasala at Calicut on 14 January of 
1 91 7. It was at the fifteenth annual meeting of Aryavaidyasamaja. 

The objective of the same was clearly stated in its prospectus: “to 
revive the once prosperous and now increasingly declining Ayurveda”, 
to bring about timely changes in it, to provide physicians with sufficient 
knowledge and experience who can conduct practice without 
others, assistance and to acquaint the British Government with the 
merits of indigenous system’ 7 . 

The emphasis is given for mastering Ayurveda texts and through 
that acquiring knowledge of medicine and their preparations. They 
were supplemented with instructions in physiology, anatomy, 
chemistry, midwifery and surgery incorporated from the western 
system 18 . 

This pathaslla was shifted to Kottakkal in 1924 and several 
hundred professionally qualified physicians came out of it. 

This was later affiliated to the University of Calicut and 
renamed as the Vaidyaratnam P.S. Warrier’ s Ayurveda College and is 
managed by the Kerala Ayurvedic Studies and Research Society with 
the financial support from Aryavaidyasala, Kottakkal. 
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Aryavaidyacikitsasaia 

In 1924 P.S. Warrier established Aryavaidyacikitsasaia 19 (the 
present charitable hospital) with inpatient and out patient services. 
It also had a separate allopathic wing. Presently, this hospital 
provides free OP services to a number of patients. 

Aryavaidyasala, Kottakkal 

The most successful institution building effort of P.S. Warrier was 
in the field of manufacturing and marketing of medicines. He realized 
that Ayurveda treatment could be effective only if its 
medicines keep its own standard. 

For fulfilling this urgent need, he established the Aryavaidyasala at 
Kottakkal on 1 2 th October 1 902. It was the first of its kind in South India 20 . 

Then P.S. Warrier issued a manifesto setting forth his 
objectives and suggested that some of the learned Ayurvedic 
physicians joined together and promoted a company on co-operative 
basis with the object of manufacturing Ayurvedic medicines and 
preparations on strict Ayurvedic principles, taking very good care to 
select the right ingredients after proper test and thus determined to 
follow the example of Allopathy with profit. 

It is with this aim in view that P.S. Warrier established 
Aryavaidyasala where patients were examined carefully and 
treatment prescribed with great thought. Scientifically prepared 
medicines were supplied to patients as well as medical practitioners at 
reasonable prices. Arrangements were made for preparing and 
stocking medicines on the western mode without causing any 
damage to their quality and purity. 

His progressive outlook and noble ideas are reflected in the 
manifesto brought out by him. 

The Aryavaidyasala is a charitable institution under the will of 
P.S. Warrier under which the entire earnings from the working of the 
Institution are to be utilized for charitable purposes only. As stated in 
the will, the net surplus is now utilized for the following charitable 
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purposes: (1 ) Development of Aryavaidyasala by improving the facilities 
for treatment of inpatients and preparation of medicines, including 
research in various kinds of drugs and conducting seminars on 
Ayurveda. (2) Treatment of poor patients through the Charitable Hospital 
providing medicines, food, clothing etc. free to such inpatients. Treating 
of outpatients by giving medical advices and medicines free of cost. 
(3) Giving financial assistance to the Ayurveda College, Kottakkal. 

In recognition of the valuable service rendered by him, he was 
conferred the title Vaidyaratnam by the Govt, of India in the New 
year Honours of 1933. 

Indeed, P.S. Warrier stood for wholesomeness even in his wordly 
life. How can one explain his fourfold role as a phycisian, a playwright, 
an actor and a community leader. 

Assessing P.S. Warrier’s contribution to Ayurveda really is not an 
easy task. His legacy needs to be perceived at a more 
fundamental and philosophical level. Viewed in this way, 
P.S. Warrier’s greatest contribution lay in removing the distorted 
image of Ayurveda as “non-living body of knowledge” squarely 
belonging to the realm of ‘tradition’. 

He changed this impression by selectively modernising Ayurvedic 
traditions and putting Ayurveda on the path of an enlightened 
competition with Allopathy. 
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Elephantology 

P. Narayanan Namboodiri 

Ancient Indian scholars of animal husbandry have drawn i 

special attention in depicting the life of elephants. Elephants are 1 

considered as one of the main constituents of the strength of an army. : 

The intelligent use of elephant force in battle has given ' 

victory for several kings like Pulikesin II and Bhuvikrama 
(635-679 AD). Rulers of the South were assumed titles like Gajapati in 
accordance with the number of elephants they possess and the battles 
they won by elephant force. 

Arthasastra is the oldest book which says about hastivana and 
nagavana (Royal Elephant Sanctuaries) and stipulates how elephants 
are to be looked after. The propounders of Ayurveda have 
considered a special branch of Indian veterinary science called , 
hastyayurveda. Brhatsamhita of the Gupta age has devoted a ; 
separate chapter for showing the characteristic marks of elephants. 

The western Gang! king Durvinlta of 8 th centuary AD is credited with 
a work called Gajasastra. The catching and training of elephants are | 
the subjects dealt with in the encyclopediac work called 
Abhilasitarthacintamani attributed to Calukya king Somesvara III (1126 j 
- 1 1 38). It also describes the forests in South India where elephants are j 
seen plenty in number. Hariharacaturahga of Godavarmamisra, a court 
poet of Prataparudra Gajapati (14971 -1551) contains different j 
characteristics of elephants in its first chapter. The S ivatattvaratnakara | 

attributed to Keladi chief Basava of Kannada describes various kinds j 

of elephants. Gajagrahanaprakara of Narayana Diksita is a treatise to | 


illustrate the method of catching of elephants and their training. 
Gajasiksa of Narada is another work which eleborates 28 types of 
elephants all over the earth. Two chapters of this book are devoted to 
explain the method of catching, preparing the abode of elephants etc. 
Matangalila of Nilakantha is the best available Sanskrit work on 
elephantology. G.P Sanderson has produced a book called Thirteen 
Years among the Wild Beasts in India in 1879. He was in charge of 
elephant catching service of the State of Mysore and of the Govt of 
Bengal. F. Edgerton has translated the work Matangalila by name The 
Elelphant lore of Hindus (1931). 

Here an attempt is made to bring forth the principles of 
Elephantology depicted in Matangalila, Gajasiksa and Gajagrahana 
prakara. Matangalila is a short work consisting of 263 verses in twelve 
chapters. Science of elephants is vividly explained along with the 
caste classification of elephants in the first chapter. Favourable and 
unfavourable marks of elephants are discussed in second chapter. This 
classification is made on the basis of colour, length, height, sensitivity 
and above all the remarks regarding their age. The author has also 
advised the king not to take a female with a young one which will 
seriously hurt the wealth of the country. The best among the elephants 
taken by the kings are those which can carry the king and fight in the 
battle: "Varanastu narendrarha yudhyanti ca vahanti ca". 

The next chapter explains the longevity, state and best types of 
elephants. Different stages of life are depicted in the next one. The 
animal is named differently according to their age and deeds. The 
standard measurements of each of the three main casts, length, height 
etc are described in the following chapter. The next chapter which is 
the smallest one illustrates the way to calculate the price of elephants 
in accordance with their quantities. The subject of the marks of character 
is dealt with in the eighth one. Classification is made according to the 
varying degrees of sensitivity to act as per the commands of the mahouts. 
Chapter nine, one of the important chapters in the text, elaborates the 
state of must (mada). The most striking symptoms of mada is certainly 


136 


137 



Indian Scientific Traditions 


the discharge of a sweetish sticky fluid from the temporal glands ^hich 
are situated on either side of the forehead. Matanga l,la s ates that this 
liquid will flow from eyes, palate, temples, ears, navel, t '' unk an ^ n ' Pp, ® S 
and even from the hairs of the body. It also narrates that the firs sigh 
of this mada in the right temple indicates that victory is the result If it 
is seen on the left side, the earth will be greeted by enough rainfall. 
Chapter X is devoted for explaining the methods of elephant catc mg. 
Matangalila narrates five methods such as varibandha vasabandha, 
anugati, apata and avapata. Among these methods the later methods 
are comparatively blamable. 

In a vast area where sharp sticks are planted around the pitch 
covered with leaves and other eatable plants wild elephants are driven 
into the place and clever mahout waiting on the trees will try to close 
the pen. Thus they are trapped. After selecting the remarkable qualities 
in them with the help of female elephant they are shifted to sheds. This 

method is varibandha. 

Take five or six reliable female elephants and cover their backs 
with leather Elephant herders shall hide under these skins armed with 
ropes Then striking them with their ropes they shall drive the animals 
straight to a herd and shall quickly tie up five or six elephants. This 
method is done by seduction. Some medicines for seduction of wild 
ones are also pointed out here. This is vasabandha. 

With sounds of kettledrums, musical instruments and drums 
driving apart the elephants, the herders always with a crowd swiftly 
and fearlessly persuing the greatly frightened animals when the young 
are lame with foot weariness shall then quickly and cleverly catch 
them. This is called anugati or pursuit. 

Now, the apata method. Placing there on stalks and lotuses, 
bamboo, plantain trees, white sugar cane and tying those ropes also to 
a stout tree, then clever herdsmen lying in wait in concealment shall 
quickly catch the elephants while they are engaged in eating. 

The last method,. avapata which is not advisable due to its 
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result, is catching them by making huge pits covered with plants and 
sugar cane. It always cause even the death of young ones who fell in it. 

Chapter eleven explains the principles of keeping of elephants in 
detail. Food items according to the age, medicines on particular 
occasions, special attention at the time of rut are some important points 
given in this chapter. The nature and characteristics of the managers 
of elephants, trainers and drivers are interestingly emphasised in the 
twelfth chapter. The training method by words and deeds, parts of the 
body where a driver can beat, instruments for punishing the animals, 
proper time for punishing the animals, different types of drivers are all 
elaborately discussed here. Matangalila attributes the qualities of a 
; driver thus: He should know three types of elephants, three types of 

| punishments, three types of motions, three types of sitting, six ways of 

[ using sticks, five types of walking, eight types of climbing and ten 

types of stepping down. 

i Gajagrahanaprakara in five chapters is a small book of Narayana 

Diksita which illustrates ten methods of catching animals such as vrti, 
I vrksa, rajju, vari, anugata, laghugarta, nimnavata, codana, vana and 

I pahcalika. Most of these methods are similar to those explained in 

j Matangalila. According to Narayana Diksita vanabandha is the most 

acceptable one where tamed elephants are sent to forest for bringing 
f them to artificial pools where they are caught by clever mahouts. By 

using puppets the young ones are captured in the method of pancalika. 

X “The supervisor of elephants should be intelligent, king-like, 

f righteous, devoted to his lord, pure, true to his undertakings, free from 

| vice, controlling his senses, well behaved, vigorous, tried by 

I practice, delighting in kind words, learned from a good teacher, clever, 

I firm, affording protection, renowned for curing diseases, fearless, and 

| all knowing”. 

I 

| Hard for foes to conquer is an elephant driver who is clever at the 

| ways of mounting and dismounting from elephants, at sitting by means 

F of seats on the showlders and the hind parts, at driving them with the 

| voice feet and hook, at the methods of marching and running them 
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through streets and in the country, at turning them back as stopping 
them and at fighting with hostile elephants. 

The first and second chapters narrate the types and qualities and 
the method of catching in detail. The third chapter gives an account of 
forests where elephants are found plenty in number. The training of 
elephants are the content of the next one. The need of exhibition of 
elephants in every year is also explained. 

This small book is the first of this type where the method of 
catching and training are vividly described. 

Gajasiksa of Narada is an incomplete work divided into nine 
chapters. In this book 28 types of elephants found all over the world 
are classified in the second chapter. Noble, middle and low classes 
are considered according to their origin. The following three chapters 
say about the method of capture. Seventh chapter deals with the 
construction of abodes for both animals and their keepers. The last two 
chapters bring forth the ideas of growth, seasonal diseases, common 
characteristics and different phases of training. 
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Thoughts on Biodiversity and 
Conservation in Ancient and 
Medieval Sanskrit Literature 

N.V.P.Unithiri 

Vrksayurveda is a branch of knowledge which was given very 
much importance in Sanskrit literature of ancient and medieval India. 
The term 'vrksayurveda' literally means 'the knowledge of tree life'. 
This discipline deals with plant pathology or treatment of trees in 
general. It includes concepts of biodiversity and conservation. Here 
an attempt has been made to present a few pieces of information 
regarding this subject with special reference to the vrksayurveda 
chapters of Brhatsamhita of Varahamihira ( BS , 6 m century A.D) and 
Samhita of Sarngadhara (1 4 th century A.D). 

The discipline of vrksayurveda has a long history in India. 
Reference to disease of plants and their treatment can be seen in 
Atharvaveda (1200 B.C). Atharvaveda 29.7 mentions the destruction 
of corn by pestiferous insects. The commentator Sayana (14 ,h 
I century A.D) provides a long list of insects who destroy crops. A 

1 separate section by name gulmavfksayurveda occurs in Kautilya’s 

Arthasastra (3rd century B.C). Carakasamhita (kalpasthana, 
chapterl) and Susrutasamhita (sutrasthana, chapter 37), (both of 2nd 
century A.D) and some other Ayurveda texts prescribe vegetable drugs 
depending on the nature of Soil-Treatment of plant disease is seen in 
! Agnipurana (2nd century). Amarakosa (5th century) contains a section 
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entitled 'ausadhivarga' on flora and fauna which is directly connected 
with vrksayurveda .There are some other works also like Vrksayurvedas 
of Surapala or Suresvara and Parasara (1 2th century ). Krsipafasara by 
Parasara and Krsisukti by Kasyapa are some of other tracts dealing with 
certain aspects of plant pathology. The various stages of growth of 
plant life, resistance to diseases and recovery from wounds by the 
application of drugs are dealt with by Gunaratna (15th century) in his 
commentary on Saddarianasamuccaya. Tantra works like Paddhati by 
Isanasivagurudeva (12th century) and Tantrasamuccaya by Cennas 
Narayanan Namboodiripad (15th century) and architectural treatises 
like Manusyalayacandrika by Tirumangalam Nilakanthan Moosad (1 6th 
century) and SUparatna by 5rikumara (1 6th century) treat some aspects 
of vfksayurveda. 

Worshipping trees and plants was an essential part of 
ancient Indian culture. Big groves known as ‘nagas’ (short form of 
nagavana or sarpakkavu / katu) were the places of such worship in 
ancient and medieval Kerala. According to tradition 1 each and every 
person, who wishes to live long, should protect the tree 
assigned to his birth star. The verses run as follows: 


cRrraoifl" HTTf -Mill'd ic5£T7 I I 


dldtl^iQci dT§TTTT STlftrH: ifteTT I 

I I (XVII.76-78) 2 

The following is the list of 27 stars along with the trees assigned 


to them: 


1 . (3T3jfct) 

2. ■Jiir’ft 

3. sprfcftT 

4. ftfMt 



(of Met) 


Strychnos nuxvomica 
Emblica officinalis 
Ficus racemosa 
Syzygium cumini 
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22. StavTT (TcTWWtjt) 

23: (3tf4<pT) 

24. (adiiTH) 

25. MM'HIgMei (Mag I fa) 
26.3rncais;Mdl (3Mglfct) 
27. iaaf 


cf?TT (^froT) 

3Tgt«tT (3UdM) 

H I J l : 

(^TteT) 
wrsn (^55 t?j) 
rc5§iT (fftt) 
3TRJMT (3f^MH) 
BTfcRTT 

c|< 3 >o 5 : (^c-lfoo)) 

fafe (4ff|) 

it3TT (4s&) 
cjoojot: (3RrFRT) 
Mde: (wsiq^) 

3i4tr (Ma=cg) 
(ai%sr) 
(a5e^T) 
w (^) 


Acacia catechu 
Diospyros ebenum 
Bambusa vulgaris 
Ficus religiosa 
Mesua ferrea 
Ficus bengalensis 
Butea monosperma 
Ficus microcarpa 
Spondias pinnata 
Aegle marmelos 
Terminalia arjuna 
Flacourtia jangomas 
Mimusops elengi 
Aporosa lindleyana 
Pterocarpus marsupium 
Saraca asoca 
Artocarpus integrifolia 
Calotropis gigantea 
Salix tetrasperma 
Anthocephalus chinensis 
Manjifera indica 
Borassus flabellifer 
Madhuca longifolia 


27. Tsrat ?ry=fT: (graw) Madhuca longifolia 

It can be concluded that as a result of this belief, different types of 
trees were protected, thereby ensuring biodiversity. 

Manusyalayacandrika (1 .23-26) gives the desirable and 
undesirable positions of trees in the compound of a residential 
building. Trees with thick foliage are recommended to be planted in 
the north of the house to resist the cold winds from that side. Trees 
which shed leaves like tamarind (Tamarindus indica) and those without 
thick foliage like areca (Areca catechu) are to be planted in the south 
to allow sunlight during winter season, when the sun is moving in the 
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southern hemisphere. Fruit bearing trees which are generally of hard 
wood-core type can be planted very near to the house. Trees whose 
contact causes allergy like cerumaram (Semecarpus anacardium) and 
certain trees which are not auspicious like kanniram should not be 
planted anywhere in the plot. Based on structure, trees are divided 
into four in accordance with the position of hard wood, namely, 
antassara (hardwood at core), bahissara (hard wood outer side), 
sarvasara (hardwood throughout) and nissara (soft wood). Antassara 
type of trees like jack (Artocarpus integrifolia) should be planted 
nearest to the house, sarvasara trees like tamarind outside them and 
the others far outside. 

Chapter 29 of Brhatsamhita is called kusumalatadhyaya (chapter 
on flowers and creepers). The topic of this chapter is the phenological 
observation of flowers and trees of certain plants as indicators to predict 
the productivity of crops and the related aspects of agricultural 
climatology. It is stated that from the luxuriant growth of flowers or 
fruits of certain kind of trees, a large quantity of crops of a particular 
cereal or pulse, metals, things and persons can be predicted. 4 The 
following list showing prognostication can be prepared from the 
observation made in verses 2-14 of this chapter. The presence of 
some plants serves as indicator for the growth of some other plants 
etc. as shown below: 

Indicator Plants 

Sala tree (Shorea robusta) 

Raktasoka (Saraca asoca) 

Ksirika (Alstonia venenata) 

Nilasoka 

Banyan (Ficus bengalensis) 

Ebony (Diospyros ebenum) 


Possible Crops, etc. I 

- kalama rice (Oryza f 

sativa) ! 

s 

- red rice ( 

- panduka rice (Sterculia \ 

urens?) f 

- sukaraka rice (Gironniera f 

enspidata?) | 

- yavaka rice (Hordeum , 

vulgare) t 

- sastika rice (a kind of rice t 


Asvattha (Ficus religiosa) 

Jambu (Syzygium cumini) 

Sirisa (Albizia lebbeck) 

Madhuka (Bassia latifolia) 

Saptaparna (Alstonia scholaris) 
Atimuktaka 

(Chrysanthemum indicum) and 
Kunda (Jasminum multinum) 

Asana (Bridelia montana) 

Badari (Ziziphus jujuba) 

Cirabilva (Pongamia pinnata) 

Vetasa flower (Calamus rotang) 

Palasa (Butea monosperma) 

(Paspalum scrobiculatum) 

Tilaka tree (Cerodendrum phlomoides) 
Inguda (Balanites aegyptiaca) 
Hastikarna (Alocasia macrorrhiza) 
Asvakarna (Shorea robusta) 

Pataia (Stereospermum scaveolens) 
Kadali (Musa paradisiaca) 

Campaka flower (Michelia champaca) 
Bandhuiiva (Pentapetes phoenicea) 
Kuravaka (Baleria aristata) 
Nandikavarta (Tabernaemontana 
coronaria) 

Sindhuvara (Vitex trifolia) 

Kusumbha (Crocus sativus) 
Suvarnapuspa (Cassia fistula) 

Lotus (Nelumbo nucifera) 

Water lily (Nymphaea stellata) 


growing in 60 days) 

- all crops in genera! 

- sesamum and black gram 

- panic seed 

- wheat 

- barley 

- cotton 

- mustard 

- horse gram 

- green gram 

- linseed 

- kodrava (varaku in Mai. 

- conch, pearl, silver 

- hemp 

- elephant 

- horse 

- cows 

- goats and sheep 

- gold 

- coral 

- diamond 

- vaidurya (Lapis lazuli) 

- pearl 

- artisan 

- trader 

- brahmanas 

- priests 
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Saugandhika (Nymphaea lotus) 

Arka (Calotropis gigantea) 

Mango tree (Mangifera indica) 
Bhallataka (Semicarpus anacardium) 
Pilu (Salvadora obovoides) 

Khadira (Acacia catechu) and 
Sami (Prosopis spicigera) 

Arjuna (Terminalia arjuna) 

Picumanda (Azadirachta indica) 
and naga (Mesua ferrea) 

Kapittha (Feronia elephantum) 

Nicula (Calamus rotang) 

Kutaja (Holarrhena antidysenterica) 
Durva (Cynodon dactylon) 
and kusa (Desmostachya bipinnata) 
Kovidara (Bauhimia variegata) 
Syamalata (Echinochloa frumentacea) 


- army chief 

- increase of gold 

- welfare 

- fear 

- health 

- famine 

- good rain 

- wealth 

- wind 

- fear of drought 

- threat of disease 

- sugarcane 

- fire 

- concubines 


It is the responsibility of modern scientists to investigate whether 
there is any scientific base for these predictions or not. Now We may 
look into the vrksayurvedadhyayas of Brhatsamhita and 
Sarngadharasamhita. These are exhaustive chapters covering all the 
essential aspects of the life of trees and plants. These chapters which 
can be said as botanical treatises discuss the following subjects: 


(1) Importance of planting trees 

(2) Plant gardening 

(3) Protection of trees 

(4) Propagation of plants 

(5) Fertilizers 

(6) Preservation of seeds 

and 

(7) Pests and disease management 


1. Importance of Planting Trees 

At the outset of vrksayurveda chapter of Brhatsamhita, 
Varahamihira makes us aware of the importance of laying out gardens 
on the banks of tanks and lakes because they will not be beautiful 
without shade on their sides 5 . It is clear from this prescription that both 
reservoirs and gardens are mutually beneficial. From the view point of 
tourism too, this is significant and thus even today this observation has 
very much relevance. In this connection, it is to be noticed that 
Sarngadhara praises the glory of trees. In fact, in his vrksayurveda chapter 
of Sarngadharasamhita he devotes a whole section for this topic 
(Tarumahima, SST, verses 4-23). There we have the following: 

Better to have a tree planted by the way side where many rest 
under its shade, than to have many sons born who are devoid of wealth 
and virtue 6 . 

Excavation of a pond is equivalent in virtues to sinking of ten 
wells, a lake is equivalent to ten ponds, and a son is equivalent to ten 
such lakes; and a tree is as good as ten sons. 7 

Then Sarngadhara proceeds to highlight the virtues of 
planting some particular kinds of trees. 

We have already seen that Manusyalayacandrika also takes into 
consideration the importance of planting trees in the compound of a 
residential building. 

2. Plant Gardening 

BS holds that before planting trees and plants soil of the ground 
should be prepared. Instead of using pesticides which creates many 
pollution problems, there was a traditional method according to which 
sesamum seeds were sown in the field and when their plants were in 
bloom they should be crushed and mixed with the soil 8 . 

SST also prescribes the same method. The author says that one 
should sow pulses and sesamum on a level ground after it has been 
thoroughly ploughed with a plough and should cut the crops when 
they are ripe and then should sow seeds on that ground again 9 . 
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According to modern scientific investigations, the root of sesamum 
creepers bear minute germs and such germs release 
nitrogen alkalies and later on helps the growth of plants to be 
cultivated in the field. This eco-friendly method is relevant even today. 

Then BS gives a list of auspicious trees and creepers to be planted 
first in gardens or compounds of houses. The list contains neem 
(Azadirachta indica), asoka (Saraca asoca), punnaga ( Calophyllum 
inophyllum), sirisa trees and priyangu ( Aga/aia roxburghiana) creeper. 
Kasyapa adds to this list some other titles also, namely, campaka, 
udumbara ( Ficus racemosa) and parijata ( Erythrina indica ). Further, 
these are recommended by him to be planted in temple premises too 10 . 

According to SST the presence of Banyan tree in the east of a 
house fulfil all desires; udumbara in the south, pippala {Ficus reiigiosa) 
in the west and plaksa {Ficus microcarpa) in the north will provide 
good, and everything else should be strictly forbidden 11 . He further 
maintains that one should avoid asvattha {Ficus reiigiosa) in the east of 
a house, plaksa in the south, Banyan in the west and udumbara in the 
north 12 . What is the rationale for this prescription is not explained. 
Whether there is any scientific reason for this is also to be investigated. 
It is noteworthy that SST objects planting any tree in front of a house. 
The idea of the relevant verse runs as follows; One should avoid the 
shades of all trees in one’s house; one should not plant in front of 
one’s house a tree even it is made of gold' 3 . Likewise SST prohibits 
making of a garden in the south-west or south-east corner of a house. 
He says that distress and sorrow will be its outcome 14 . 

When we plant trees, sufficient distance must be kept 
between two trees in a compound or garden. According to BS in the 
case of big trees the most desirable distance is 1 4 1/2 metres. 1 1 1/2 metres 
is moderate and it is inferior if it is 8 1/2 metres. 15 Reason for this is that 
trees growing closely and touching each other with their roots 
interlocked do not yield much. 16 

On this topic, SST gives some more details. It says that one should 
lay out the trees in a garden so as to look an altar, a circle, a svastika. 
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a square, a sarvatobhadra, an avenue, a grove-bower and in clusters 17 . 
The distance between trees recommended by SST is more or less the 
same as by BS. The only difference is in the case of inferior. While BS 
recommends 8>/2 metres, SST recommends 7 metres (65 ab). SST, 
however, adds to this that if the surface of the garden be plane one 
should plant grass-like plants at an interval of 1 1/2 metres and 3 metres 
and bushes at 2 metres 18 . He further points out that trees, if thickly 
sown, are hindered in their growth and if sown very sparcely, they are 
in danger of falling down even in consequence of mild winds 19 . SST 
closes this section enjoining that one should plant trees with an eye to 
the fact that there is room for the spread of their roots and one must see 
that the leaves of each other do not touch . 20 

3. Protection of Trees 

This topic is not dealt with in BS. But SST devotes two 
sections for its treatment. It prescribes rules for watering plants and 
protecting trees. One should water the newly planted trees both in the 
morning and evening. They should be systematically protected from 
cold, stress, and wind . 21 Water the trees and plants every alternate day 
in autumn and in winter; everyday in spring, and twice a day during 
the summer . 22 During the rainy and autumnal season when it does not 
rain one should fill the circular ditch under the tree with water . 23 Pour 
water till the earth attached to the roots of the tree becomes wet; don’t 
mind about the quantity of water applied for this purpose . 24 Since trees 
suffer from indigestion if the water in the ditches is not dried up, one 
should not pour fresh water in it till such is the case . 25 SST also prescribes 
that, in the interest of trees, one should extirpate the weeds, creepers 
and shrubs which grow beside them . 26 Trees should carefully be 
protected from destructive influence of dew, strong wind, smoke, fire 
and spiders . 27 Trees should be well protected with walls having ditches 
around them . 28 Now we may look into a very interesting prescription 
by SST that one should take up the ashes of trees struck by lightning, 
throw the same around other trees and this will ensure the latter against 
cold. It says that these ashes have the power to allay even the burning 
fire . 29 Another prescription runs as follows: Throw boiled white sal i 
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rice mixed with curd and rock-salt round the trees. It will ensure their 
protection from poisonous or harmful rain. 30 

4. Propagation of Plants 

Four methods for propagation of plants are described by both these 
authors: (a) Transplantation, (b) Sowing, (c) Cutting, and 
(d) Grafting. 

(a) Transplantation 

This is called samkramana-viropana. It means planting trees 
after bringing out them from another place. This method has a long 
history in India. During the reign of Asoka very rare medicinal herbs, 
roots and fruits were imported and transplanted wherever they were 
not existent. Before replanting, necessary care should be taken to avoid 
the menace of pests. For this, a kind of ointment is recommended 
which is made of mixing equal quantity of ghee, usira (Vetiveria 
zizanioides), sesamum, honey, vidanga (Embelia ribes), cow’s milk 
and calf-dung. This ointment should be applied top to bottom of the 
tree to be transplanted. 31 The time of replanting is also stipulated by 
ancient Indian agriculturists. BS maintains that trees having undeveloped 
branches are to be planted in cold season (January- February), those 
having developed branches in winter season (November- December) 
and those having well-developed stems in rainy season (July-August) 32 . 
Kasyapa also holds the same view. 

On transplantation SST says: 33 One should first of all sow seeds 
in the sea bed, spread grass over it and sprinkle milk and water, and 
then when seeds germinate remove the grass, dry the earth a little, and 
transplant these sprouts together with their roots and the earth attached 
thereto. When a sprout planted after being sprinkled with milk grows 
about 2/3 metre in length, one should dig it out together with the earth 
attached thereto and apply to it roots of usira, vidanga and ghee pasted 
together and then replant it in a pit together with cowdung; 34 The idea 
of three verses of SST also are to be quoted in this connection: One 
should plant a tree seedling in a pit 1 V 2 metre in depth, well watered, 
filled with fine dusts of earth free from sands, and filled with cowdung. 
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Plantain sprouts and trees with milky sap should be planted only after 
applying cowdung to the roots. 35 First of all one should plant and 
besmear a long straw rope with this paste thus prepared, then put the 
rope thus treated with banana paste down in the ground lengthwise. 
Then for a long number of days one should go on sprinkling water 
upon it little by little. 36 Then, sprouts having bluish and reddish 
appearance like the fresh tamala tree will sprout out of that rope; and 
then when by degrees branches, leaves and roots will become visibly 
manifest, one should plant these sprouts, elsewhere and sprinkle water 
upon them. 37 This is said to be called ‘parnayoni’ method. Even now, 
in rural areas, this kind of transplantation appears to have been followed. 

(b) Sowing 

On the subject of sowing BS s prescription is as follows: Soak the 
seeds in milk for ten days. Take them daily with your hand besmeared 
with ghee. Then role them many times in cow-dung. Fumigate them 
with flesh of hog and deer. With flesh and hog’s marrow sow them in 
the soil that is already prepared with the sesamum treatment. Sprinkle 
over them by milk and water. No doubt, they will grow and bloom 
soon. 38 Even the seeds of tamarind having hard shells will sprout, if 
they are watered by the mixture of flour of rice, black gram, seasmum, 
barley gruel along with rotten flesh and fumigated constantly by turmeric 
powder. 39 In the case of wood apple (kapittha/ seed, the following 
process is prescribed: roots of wild jasmine, amalaka. (Emblica 
officinalis), dhava (Anogeissus latifolia) and vasika (Adhatoda vasica), 
creepers and leaves of Vetasa tree, suryavalli (Indigofera enneaphyllaf), 
syama and atimuktaka, all of these on the whole is known as astamuli 
(eight roots). Boil this astamul i in milk and cool it. Then soak the wood- 
apple seeds in this liquid for a period of time equal to that of 1 00 beats 
of the hand. Take them out, dry them in the sun. Daily repeat this for a 
month. Then sow the seeds according to the following method: Dig a 
pit with the diameter of 72 cm. and the depth of 1 44 Cm. and fill it with 
milk and water. Dry it up. Burn it. Fumigate it (pit) with the mixture of 
honey, ghee and ashes. Then fill it upto 1 20 mm with mud. Put over it 
the mixture of the powders of blackgram, sesamum and barley. Again 
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put mud and the mixture once more. Then pour on it an infusion of 
fish and water. Then pound all this until the things of the pit becomes 
a thick mass. (More or less the same process is followed even now 
when we make compost manure). Then sow the seed of the tree 1 20 
mm deep in the pit. Sprinkle it with fishwater and flesh water. The 
creepers will be flourished with sprouts soon. 40 

For the sowing of the seeds of trees, certain stars are 
believed to be auspicious. They are dhruva stars, namely uttram, 
uttratam and uttrattati and rohini, and mrdu stars narnely, anizham, 
citra, makiryam and revati, and six other stars, namely, mulam, 
visakham, puyam, tiruvonam, asvati and attam. 41 58 ,h verse of 557" is, 
in fact identical with this. Perhaps he has quoted it from BS itself. It is 
to be investigated whether any scientific basis is there in this observation. 

(c) Cutting 

jack tree, asoka, plantain, jambu, lakuca (annili-Artocarpus 
lakucha), dadima (Punica granatum), draksa (grape), palivata, 
citron tree and jasmine creeper, these are to be planted after 
cutting their stems smeared with cowdung. 42 According to SST tambuii, 
sindhuvara, tagara (Valeriana wallichii) and such others grow out of 
kanda, portion of stems, ie.cuttings. patala, dadima, plaksa, karavira 
( Nerium indicum), vata and such others, mallika, udumbara, kunda 
( Jasminum multiflorum) and others grow out of seeds and cuttings. 43 

(d) Grafting 

For the propogation of trees grafting is another means 
mentioned in BS. The work recommends two methods for grafting 
technique: (i) Inserting the cutting of a tree into the root of another, 
cut off from its trunk, and ( ii) inserting the cutting of a tree into the 
stem of another. 44 

It is Utpala, the commentator, who explains these two 
methods clearly. 45 Utpala adds to this that the junction of the two in 
both these cases is to be covered with a coating of mud (atra 
mrttikaslesam dapayet). Later we see that SST develops another method 
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which can be called ‘parnayoni’ (transplantation through leaves). It is 
through leaves, instead of roots or stems (Relevant verse has already 
been quoted with translation in the section of ‘transplantation’). This 
is observed to be corresponding to the modern method of tissue culture 
(Manoharan, 1996, Bfhatsamhita - A Critical Study, unpublished Ph.D. 
Thesis, Dept, of Sanskrit, University of Calicut, p.209). 

5. Fertilizers 

BS prescribes a special recipe for increasing the yield of 
flowers and fruits of trees and plants. The manure consists of a mixture 
of five litres each of the powder of dung of goats and sheep, five 
litres of sesamum powder, 1.25 litres of wheat particles, 9 litres of 
beef and 20 litres of water kept for seven nights. Trees, plants and 
creepers should be watered by this liquid mixture in all seasons. 46 
Kasyapa also recommends the same manure for the speedy growth 
and increasing the yield of trees and plants. Some other relevant 
points connected with preparation of fertilizers have already been 
referred to in a previous section (‘sowing’). 

It is on the prescription and preparation of fertilizers that5S7" makes 
substantial contribution. It prescribes a kind of nourishing solution 
called kunapajala which is very much healthy for plants in general. 
Preparation of this liquid mixture is described as follows: Eoil the flesh, 
fat and marrow of deer, pig, fish, sheep, goat and rhinoceros in water; 
when it is properly boiled, put the mixture in an earthern pot; add 
into it milk, powders of sesamum oil-cakes, black gram boiled in 
honey, the decoction of pulses, clarified butter and hot water (It is to 
be noted that there is no fixity as to the quantity of any of these 
ingredients); put the pot in a warm place for a fortnight. Then you 
j W 'H have kunapa water. 47 

In the verses 147-170, SST prescribes manures specifically for 
; the growth of separate trees and plants. The following list can be summed 

1 U P from these verses: 

!'. [ 

4 1 

if 
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Names of plants Prescribed manure 

Date palm (Phoenix dactylifera), - Application of powdered oil cakes of 
bilva (Aegle and marmelos), and white mustard or sesamum at the root 
lakuca trees 

Mango tree - Pouring water in which husks are 

soaked 

Orange (Citrus spp.) and vetasa - Simple watering, watering with flesh 

and paddy washings 

Old Indian gooseberry - Blackgram (Phaseolus mungo) f 

(Emblica officinalis) \ 

Young gaubpersimmon - Application of water and milk 

(Diospyros embryopteris) 

Coconut tree - Application of barley powder i 

Mango trees bear very fragrant - Watering with decoction of milk leaves 
and sweet fruits at of five trees (mango, ficus racemosa, 

an early date ficus religiosa, ficus bengalensis and 

ficus microcarpa) together with the 
fat of deer, boar, jackal, horse, 
elephant etc. 

Dadima tree - Decoction of clarified butter, kunapa 

water, sweetflag and pig’s stool 
(favourable to development of fruits); 
decoction of powders of horse gram 
(favourable to the roots) 

Kadamba (Anthocephalusmixture- Watering with the liquid made of curd, 
cadamba) Nagakesara fermented rice water wine made out 

( Mesua ferrea) tree of rice, plum, seasmum, methi, kunapa 

water and wine prepared from sugar j 

and milk 

Nagakesara or champak - Filling the trenches around the tree 

with the decoction made up of priyangu, | 

Indian liquorice, neem, Indian long 
pepper, sweet flag, turmeric, sesamum 
and mustard all taken equal parts J 
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of 

Grape wine 
Jackfruit tree 

Wood apple tree or bilva 
Madhuca longifolia 

Plum tree 

Bijapura tree (Citrus medica) 

All creepers 

and 

Screw pine 
A barren lotus 

Trees in general 


together with clarified butter and broth 
Sal tree (bark) 

- The compound liquid made up of stools 
of fowls, straw and husks of paddy 

- Besmearing the trunk of the tree with 
one compound 6 maunds and 10 seers 
of garudi creepers with leaves; and 
watering the roots of it with the broth 
of sweet flag. 

- Watering with clarified butter, milk and 
honey 

- Watering with the compound made 
up of the broth of roots and leaves of 
kosataki. Long pepper, kunapa water 
and powdered resin 

- Watering with the decoction of 
sesamum and liquorice and with kunapa 
water 

- The compound substance of the stools 
of goat, sheep, pig etc. vidanga, and the 
stools of men; urine of horses and sheep. 

- Piercing the roots with stings of 
scorpion, fumigating with clarified butter 
watering with the fats of mice and pig. 

- Watering with the wine of cows and 
kunapa water in summer 

- Application to the roots, the 
compounded dust of horse gram and 
tusks of elephants 

- Besmearing the trunks with mustard, 
plantain leaf, Safari fish, stools of pig and 
cat in equal parts mixed with clarified 
butter; fumigating them 
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” - After fumigating them with barley, 

wine, fermented rice water and clarified 
butter; besmearing their trunks with 
cakes made up of vidanga and sesamum 
bathed either in milk or kunapa water 

” - Application of the decoction of ahkola 

(alangium decapetalum) flower mixed 
with clarified butter and honey, fats of 
deer and boar added to, powders of 
white mustard; and then pouring water. 

Even today almost all of these can be experimented 
fruitfully. 

6. Preservation of Seeds 

According to BS seeds of trees and plants in general should be 
preserved in the following way: Water several times the seed of any 
tree or plant with the liquid portion of the fruit of ahkola tree or with 
the oil of slesmataka (Cordia mixa) tree. Only after this the seed should 
be sown. 48 

Regarding the slesmataka seed, he says: Remove the shell of the 
seeds and then soak them in ahkola fruit juice and dry them in shade. 
Do the same seven times. Then the seeds should be smeared with 
buffalo’s dung and kept in buffalo’s dung itself. 49 

More or less in this same way, S5T also says about preservation of 
seeds. Well-matured seeds of fruits of the season should be sprinkled 
with milk and clarified butter, kept for five days in this condition and 
fumigated with frankincense. 50 Another method: Besmear the seeds 
sprinkled with milk, with powders of brhati (Solanum xanthocarpum) 
and sesamum mixed with ghee; dry them and besmear them again 
with cowdung; then fumigate them with fat of some animal. 51 Vet 
another way: Besmear the seeds with cowdung after having sprinkled 
with milk; dry them and besmear them again many times with vidanga 
powders mixed with honey. 52 


7. Pests and Disease Management 

BS deals mainly with exogenous disease of trees. Pale-whiteness 
instead of greenness of leaves, scanty/sickly sprouting of leaves, fading 
of branches and leaking of saps from stems are the symptoms of diseases 
of trees and plants caused by extreme cold, wind and heat. 53 Treatment 
to this disease can be done as follows: First the faded branch of the tree 
should be cut away at the point where the illness is not spread. On that 
part, apply the ointment mixing vidanga, ghee and silt. Then sprinkle 
milk and water. 54 Utpala quotes four verses from Kasyapa in the 
commentary on this verse which hold the same view with some details. 
Diseases caused by branches, leaves and shade and those of absence 
of leaves and fruits and waning lustre of leaves are mentioned. They 
are due to cold, heat, rain and wind and by roots intertwined. Sometimes 
elephants are also responsible for tree disease. They rub their temples 
against trees. 55 

Dropping out of fruits prematurely is another plant disease 
mentioned in BS. Treatment for this is to sprinkle a liquid mixture 
consisting of water, milk, horse gram, black gram, green gram, sesamum 
and barley which is to be boiled first and then cooled. 56 

SST deals with the treatment of plants according to the way of 
Ayurveda. He points out that trees, like men, get diseases through the 
affections of vata (wind), pitta (bile) and kapha (phlegm) - three 
pathological humours. So, in his view, one should diagnose the 
diseases through their symptoms and cure them radically. 57 SST 
recommends cutting away of the affected parts in the cases when a 
tree is consumed by insects, burnout by fire, broken by storm, and 
struck by thunderbolt. But in the case of diseases, he prescribes different 
treatment. 58 He presents the characteristics of trees of windy humour 
as follows: They are tall, thin, short, sleeping or partly conscious; and 
they do not bear flowers and fruits. 59 Then he describes trees of bilious 
temper: They cannot bear the rays of sun, are of yellow colour, and 
shed their branches over and over again, and bear premature fruits 60 . 
Then come trees of phlegmatic temper: They have their branches and 
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leaves very glossy, flowers and fruits well shaped and of good 
appearance,trunks symmetrical, and all parts covered with creepers . 61 
SST continues: Substance of pungent, bitter or caustic tastes are 
destructive of the windy humour of trees; those having bitter, hot, salty 
and acid juice are destructive of the bile, and those with graceful, 
sweet, acid or salty juice are destructive of the phlegm . 52 Following 
this SST describes how can be cured these tempers; The affections of 
windy humour are alleviated through the application of graceful things 
like clarified butter mixed with flesh juice, the affection through the 
bile is alleviated through the application of things that are cold and 
graceful mixed with water; and the affection through phelgm is modified 
through the application of acid things mixed with hot water, or through 
pungent and bitter things . 63 Then SST enumerates diseases of plants 
due to windy humour and prescribes the medicine thereof: Rudeness 
of appearance, tubercles (nodules over the body) both of large and 
small size are due to windy humour. The same may be overcome by 
the application of lodhra (Symplocos paniculata) flower, cowdung, 
fats and kunapa water . 64 It continues; It should be understood that worms 
at the roots of plants affected with tubercles, of plants having paleness 
of buds and flowers, should be rooted out with care. Then application 
should be made to the trunk of the mixture of fresh urine of cows, 
clarified butter, vidanga, mustard and sesamum; fumigate them and 
then pour milk and water . 65 SST recommends for the destruction of all 
kinds of worms, the application to the roots of trees the barks of Honge, 
Cassia fistula. Bead tree, saptaparna (Alstopia scholaris) pasted in the 
urine of cows together with vidanga and nutgrass . 66 The author ponits 
out that the bodies of trees burnt with fire will bear leaves when 
besmeared with lotus bulb pasted with kunapa water and milk . 67 SST 
maintains that one should besmear the branch of a tree broken by 
wind with the barks of Peepal, arka (Calotropis gigantea) and Ficus 
glomerata pasted in ghee, honey and bees wax mixed with milk; should 
set it as before, and tie it to a post nearby, and apply finely powdered 
earth to the fractured part. Sprinkle it with milk over and over again; 
water at its root; then the tree will come back to its former position . 68 
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SST prescribes the treatment of trees struck by lightning thus: Musta 
(Cyperus rotundus), usira, madhuka, greengram, blackgram, barley and 
sesamum pastes with milk and water - this is to be applied to the roots 
of such a tree . 69 It recommends kunapa water and milk again and again 
for removing dotage of trees through repeated production of fruits and 
flowers . 70 When the branches of a tree become dry owing to excess or 
want of application of water, a boiled mixture of vidanga, clarified 
butter and milk is prescribed to be sprinkled for a week . 71 When a tree 
suffers from incapacity to digest water, it is always pale, devoid of 
barks and leaves, full of ants and the smell offish. Treatment for this is 
recommended as follows: 

Strike at the root of such a tree to draw the poisonous sap out of 
the trunk, apply to the affected place a paste of honey, Vidanga powder 
and sesamum and cover it with water and milk. The atrophy of a tree is 
radically cured, if it is besmeared with the above paste, after it is 
sprinkled with sugar and sesamum mixed with milk and water and 
then fumigated . 72 Lastly, SST prescribed the treatment for exudation of 
trees. To stop this, it is recommended that the barks of priyangu, vara, 
karkari, vetasa and nirmarutu pasted with and boiled in milk should 
be applied to the tree . 73 

In comparison to BS, in many aspects of science of plant 
pathology and allied subjects, SST stands far better, especially in 
prescription and preparation of fertilizers and treatment of plants.The 
reason for this is not merely that SST is posterior to BS. While the 
author of BS is primarily an astronomer cum astrologer and it is as a 
part of giving an encyclopaedic knowledge of each and every subject 
to an astronomy-astrology practitioner that he deals with plant pathology 
too in his work, Sarngadhara is in the main an authority of medicine 
and it is as a part of the vast subject that he treats the present topic too. 
Any how, contributions of these two authors to the thoughts of 
v.rksayurveda are remarkabale. 

The above observations make it reveal that literary materials 
connected with treatment of plant life especially with biodiversity and 
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conservation in ancient and medieval Sanskrit works are 
immense and most of them are relevant even today. 
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Plant Science in Sarngadharasamhita 

C. Narayanan 

There are ample evidence in the ancient Indian texts to show that 
the treatment of plants had then been considered as a separate branch 
of knowledge. And what substantiates this argument is the classification 
of the various stages in the growth of a plant and analysis of its methods 
such as sowing, nourishing, transplanting, grafting and so on, in those 
texts. This implies that the science of agriculture was already known to 
Indians and also that it is not a new branch of knowledge introduced 
by the West, though, there may be difference of opinion on whether 
the term Science can be used with it in the strict sense of modern 
technology and methodology. Thanks to the Indian research Institute, 
Culcutta, for publishing the ancient and medieval texts pertaining to 
‘Indian positive sciences’. For, hadn’tthey taken interest and initiative, 
a world of wisdom would have gone to oblivion. The Arthasastra 1 
refers to the appointment of officers with knowledge of agriculture. 
The Indian Institute’s first publication appeared in Sanskrit is a treatise 
on Arbori-horticulture, Upavanavinoda 2 . The next was Sarngadhara s 
encyclopedic work called Sarngadharasamhita. 3 The renowned scholar 
Brajendranath Seal, in his forword to this book, pointed out that mere 
religion and theology was not the pre-occupation of the Hindu mind” 
and that the subject of Vrksayurveda became prevalent as a distinct 
branch of positive knowledge as early as the Arthasastra of Kutilya 
expressly refering to it. This paper is on the Plant Science in 
Sarngadharasamhita* 

The matter pertaining to Vrksayuo/eda has been collected from 


168 


Plant Science in Sarngadharasamhita 



numerous textbooks of Vrksayurveda as the text itself includes a 
reference: nanavrksayurveda sastrebhyah 5 . This makes it clear that there 
were many works in Sanskrit bearing on this subject. Unfortunately, 
most of the texts are not available now. The Vrksayurveda chapters in 
Sarngadharasamhita contain chapters glorifying trees. Trees glorified 6 
are basil plants, bilva tree, asvattha, amalaka, banian tree, nimba, palasa, 
amara, sirisa, udumbara, madhuka, ksiraka, kadali, draksa, priyala, 
panasa, picumanda, nyagrodha, tamerind, and kapittha. 


It recommends planting of a tree on way side where people may 
rest under its shadows, than to have many sons born who are devoid 
of wealth and virtue. 6 The plants desirable and non-desirable in the 
residences are also mentioned. Plants desirable in residences are banian 


tree, udumbara, pippala, plaksa, badari, kadali, 
bijapuraka. 7 The following verse is noticeable: 


cTFft 



dadima and 


Sowing 

The Sarngadharasamhita contains details regarding sowing of 
seeds. One should sow pulses and sesamum on level ground 8 , sprinkling 
of milk and clarified butter over them, keep five days in this condition 
and then fumigate them with frankincense. They sprout in a single 
night 9 . Another method of growing seeds soon is also mentioned. 
According to earlier texts process of planting of trees in certain 
constellations is also 10 mentioned 11 . One should plant trees 10 cubits 
on the lower level and 20 cubits on the higher level. 12 Trees thickly 
sown hinder their growth and if sparsely sown, they are in danger of 
falling down. 13 


Transplanting 

Transplanting of trees is discussed in Sarngadharasamhita. Seeds 
are transplanted when they grow. When a sprout planted after being 
sprinkled with milk grown one cubit in length, one should dig it out 
together with the mud attached thereto and then apply to it roots of 
usira, vidanga and ghee pasted together and then replant it in a pit 


169 



Indian Scientific Traditions 


Plant Science in Sarngadharasamhita 


together with cowdung 14 . Trees in the garden are arranged in svastika, 
caturasra, sarvatobhadra, vidhi and in nikunja and in clusters . 15 Planting j 

trees thickly hinders their growth and if planted very sparsely, they are 
in danger of falling down, even in mild winds; hence for lean plants, in 
laying out a garden, planting after the method described above is wise . 16 

Sarngadharasamhita contains directions of destroying worms and 
insects that destroy the crops. All kinds of worms are destroyed by j 
applying Karanja, Aragvadha, Arista and Saptaparna pasted in the urine j 

of cows together with Vidanga and Musta . 17 Plants and trees burnt by 
fire are besmeared with lotus bulb pasted with kunapa water and milk, j 
produce green leaves . 18 

Grafting 

Earlier methods of grafting is seen in Sarngadharasamhita 
wherein, when the trees are broken by wind, trees pasted in ghee, : 

honey and bees wax mixed with milk and fixed by tying to a post and 
applying powdered earth to the fractured part. If it is sprinkled with 
milk over and over again and watered at the root, the tree becomes 
sound and produces abundant fruits and flowers . 19 

Soil Testing 

Testing soil in ancient India is seen described in Sarhgadhara 
samhita. The selection of soil is done . 20 Soils having black, pale, blue, 
yellow and white colours are associated with sweet, acid, salty, sour, 
bitter and pungent tastes. Hence soils are classified as jahgala (barren) 
anupa (moist) and samanya (ordinary). The soil that is uneven, barren i 
and stony are not fit for growth of trees. Eventhough testing laboratories j 
as in nowadays are not mentioned, earlier methods of soil testing and ; 
ground selection for cultivation were scientific. Examination of soil for j 
digging well is also mentioned in detail. t 

Watering j 

In the gardens deep wells, paved with all suitable stone is used for | 

watering the garden. Selection of places for digging well is explained 
in detail. Modern methods of selecting places for digging wells are to 
be compared with earlier methods. The water below the ground is 


tasty 21 . Where the earth is yellowish, the water below the surface is 
caustic. Where the earth’s colour is pale, the surface is salty . 22 Where 
the earth is of blue colour, the water is sweet 23 . Watering of plants is 
recommended once in the morning and afternoon. When the water in 
the ditches are not dried up, the trees may cause indigestion . 24 

Treatment of Plants 

Sarngadharasamhita considers plants-treatment similar to that of 
human beings through Ayurveda norms. Accordingly the text tells that 
trees get diseases like men do, due to the affections of vata (wind) pitta 
(bile) and kapha (plegm), the three pathological humours. One should 
diagnose the diseases through their symptoms and cure them radically. 
Tall, thin, stout, sleeping or conscious trees are of windy humor (vata) 
and hence they do not bear fruit . 25 Plants of bilious temper (pitta) shed 
their branches over and over again and bear premature fruits . 26 Plants 
of phlegmatic temper (kapha) have their branches and leaves very 
glossy, flower and fruits well shaped and of good appearance, trunks 
symmetrical and all parts covered with creepers . 27 

Trees with windy humour taste bitter or caustic and destructive 
and those having bitter, hot, salty and acid juice are destructive of the 
bile and those with graceful sweet, acid and salty juice are destructive 
of the plegm . 28 

The windy humour is alleviated through the application of graceful 
things that are cold and graceful mixed with water, and the affection 
through plegm is modified through the application of acid things mixed 
with hot water, or through pungent and bitter things . 29 Windy humour 
is removed also by application of lodhra flower, cowdung and fats of 
kunapa water . 30 

Gardening 

Horticulture in ancient India was a well developed science. 
Sarngadharasamhita tells that the art of enjoyment of gardening was 
well established during the early age of kings and queens 31 . The 
pleasure-seeking soverigns constructed houses with extensive gardens. 
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spacious gardens containing large pools of water with lovely lotuses 
and bees. The details of gardening are present in Sarngadharasamhita 
wherein the plots are selected by farmers in cultivating lands. 
Constructin of garden with blooming flowers and proceeded by breezes 
and bristling with restless black bees are narrated 32 . Beautiful, artificial 
caves adorned by branches of trees and creepers are constructed 33 . For 
fear of serpents one should grow peacocks in the garden 34 . Ponds, 
artificial lakes with pleasure boats are constructed. 

Fertilizers 

Sarngadharasamhita refers to different fertilizers for each plant. It 
prescribes a kind of nourishing solution called kunapajala which is 
similar to modern compost preparation. 

Nourishment of Plants 

The nourishment of plants as framed by old sages who are also 
cultivators are to be studied in detail. In addition to watering, certain 
other steps are mentioned. Powder of Barly helps coconut grow fast, 
mango trees fruit early if they are watered with decoction of milk, leaves 
of mango trees, Asvattha, Vata, Plaksa and Yajnadruma together with 
the fat of deer, boar, jackal, elephant, horse etc 35 . For the nourishment 
of plants kunapajala is prepared 36 . One should root out the tubercles, 
worms and other insects by pouring fresh urine of cows, clarified butter, 
vidanga, mustard and sesamum applied together to the trunk, then 
fumigated and watered with milk and water. 37 

Botanical Marvels 

Sarngadharasamhita gives a detailed account of botanical 
marvels. Trees bearing scentless flowers, if treated with earth soil scented 
through association with fragrant flowers and sprinkle it with decoction 
of the dhava and khadira barks, and besmears it with sandal dust and 
then fumigates with clarified butter it bears fragrant flowers 38 . A cotton 
tree is to produce fibers as red as burning fire if one applies barly, 
sesamum, nisa and powdered bark of palasa tree to it 39 . If the fiber is to 
be yellow as the feather of suka bird it can be done by adding barks of 
salmali, turmeric, indigo, triphala, kusa and rock salt powdered and mixed 
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with wine and applied to roots 40 . Fibers are made blue if manjistha, tila, 
yava, pitasara, leaves of jivani, powdered manassila mineral be pasted 
together with the milk of cow or goat sprayed to the root 41 . Flowers and 
froots are grown in out season times as well, if cut stem of tree be 
besmeared with boiled sugarcane juice, and applied to that 42 . 

In order to increase the size of fruit, one should thrust a rod in the 
stool of an ass and then heat it on fire and then pierce it 
slashingly into the trunk of plantain tree 43 . To make the fruits 
devoid of seeds, yastimadhu, sugar, kustha, flower of madhuka be 
pasted together and applied to the root 44 . 
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On Indian Chemistry 

M. P. Kannan 

The word ‘science’ literally means knowledge and when this 
knowledge is put to practical use it becomes ‘technology’ . As we know 
the basic human instinct is to find explanation for the phenomena he 
sees around. Thus, he began asking basic questions about the world 
around him: What are those that shine in the night sky? Why sun is hot 
and moon cold ? What is night and why is it different from day ? What 
is fire and why does it burn? What is rain ? Why does a tree fall ? What 
are a human and an animal and how are they different ? What is life ? 
What is death? The questions ‘Why?’ and ‘What?’ reverberated in his 
mind every now and then keeping him searching for finding an 
explanation. This led to a rich accumulation of information and 
knowledge. The history of ancient Indian science traces back to the 
prehistoric period. The Indian science grew through the Vedic period 
(1 500 BC - 1 000 BC) and got codified in four Vedas - Rg, Yajus, Sama 
and Atharva. The post- Vedic period (600 BC - 800 AD) is regarded as 
the golden period of Indian science, when it flourished the most. 
Various schools of thought, such as Sahkhya, Nyaya and Vaisesika, 
emerged during this period. Arthasastra of Kautilya (300 BC), Ayurvedic 
texts like Carakasamhita and Susrutasamhita (1 00 BC), Brhatsamhita 
of Varahamihira (600 AD), etc, were some of the notable works of this 
period. The wealth of knowledge lying hidden in these works should 
have greatly helped to give a strong foundation to modern science. 
However, it seems that most of India’s scientific developments remained 
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isolated on this subcontinent and did not much affect the development 
of science in the rest of the world, because Indian science is not found 
properly quoted in the history of science. 

A. Indian Chemistry 

a. Metals & Metallurgy 

The use of metals and their production (metallurgy) has been one 
of India’s most ancient sciences, and probably this marks the beginning 
of Indian chemistry. Iron was part of the Vedic culture dating back to 
1 500 BC. Kautilya’s Arthasastra, which is regarded as the store house 
of knowledge, includes references about mines and factories, about 
the origin of the ores of Au, Cu, Ag, Pb, Fe, etc., and the methods of 
finding their sources. The first batch of Zn was reported to be made in 
India around 50 BC at Zawar in Rajasthan. Indian metallurgy was far 
ahead of time. The Qutab minar, which weighs about 10 tons and is 
about 1 500 years old, yet remaining totally rust-free, stands testimony 
to the enviable skill of Indian metal workers and the advancement of 
metallurgy in India. 

b. Other Compounds 

Chemistry, known as rasayana sastra, was initially 
documented as a part of the Indian medical treatise Carakasamhita. 
Ancient Indians knew how to prepare alkalis, acids (H 2 S0 4 , HN0 3 ), 
the oxides (of Au, Cu, Fe, Pb, Sn, Zn), sulphates (of Cu, Zn, Fe), the 
carbonates (of Pb, Fe), chlorides and oxychlorides. Some of these 
chemicals were used for treating leprosy, ring worm, etc. Ancient Indian 
chemists knew about gunpowder, whose invention, however, is 
traditionally ascribed to Chinese. 

According to one interpretation (Dey), the weapons 
mentioned in Indian epics Ramayana and Mahabharata were 
actually products of chemistry, the mantras the gurus gave to their 
pupils were nothing but chemistry, and the arrows were probably coated 
with certain chemicals. 

Susrutasamhita describes the preparation and use of alkalies. Three 


types of alkalies were mentioned - mrdu, tiksna and madhyama. 
Alkalies were used externally for skin diseases like tumors, leprosy, piles, 
etc., and internally for indigestion, urinary deposits (stones), etc. 

Brhatsamhita refers to mordants such as alum used for fixing dyes on 
textiles. It mentions about cosmetics, perfumes, hair dyes, cements, etc. 

c. Paramanuvada or Atomic Theory 

The fundamental priciple used in the practice of chemistry is the 
atomic theory. It was Democritus (Greece - born about 470 BC) who 
proposed atomism first. He speculated that the world and everything 
in it, including human beings, was composed of collections of 
infinitesimal and invisible particles that were hard and unbreakable. 

| FHowever, this theory lied dormant until its revival by John Dalton in 

; 1808. FHere, we note that Kanada, the pioneer of Vaisesika School of 

I thought, postulated atomism as the basis of matter as early as 500 BC. 

| d. Ayurveda 

: Ancient India’s most potent contribution to the world of science 

j is Ayurveda, the science of healing, which is nothing but 

} applied chemistry. This was developed as early as 900 BC. The use of 

| metals and their compounds, medicinal plants and their uses, herbal 

j rasayanas, various ayurvedic preparations for rejuvenation, vitalization 

and cure, etc., have been systematically elaborated in the famous 
i Ayurvedic texts, Carakasamhita and Susrutasamhita. It was Susruta, 

; the student of Dhanvantari, who developed surgery. 

: In ancient times, life’s struggle was so severe that no form of social 

! parasitism could be tolerated. To reduce the number of feeders in a 

i family infanticide of girls was practiced and widows were burnt, under 

| the pretext that women are not good breadwinners. Similarly, the aged 

was felt as social parasite and exiled as ascetic, usually to forest. The 
j solitary life of the ascetic in the forest necessitated an energizer to 

j enable him to search for foodstuff. He gathered medicinal plants 

j primarily to regain youth and to cure other ailments. This marked the 

j beginning of ayurveda. 


176 


177 



Indian Scientific Traditions 


B. Other Disciplines 

India’s contributions in the areas of mathematics and 
astronomy were quite significant. Bhaskara’s Siddhantasiromani (1 1 50 
AD) mentions a force of attraction resembling gravity, which Newton 
discovered centuries later. India’s greatest contribution to mathematics 
came in the form of zero, which revolutionized this branch of science. 
The decimal system, developed as far back as Vedic period, is another 
notable contribution of ancient India. The game of chess is yet another 
proud contribution of India. 

C. The Present Status 

The pursuit of knowledge in India was thus very strong much before 
even Vedic times. The great contribution of our ancient 
Scientists were the fruits of their dedication. What is the present status 
of Indian Science? Is it encouraging? Or is it disappointing ? We get 
the answer readily if we look into our University system, whose primary 
concern is teaching and research. But, Indian University system has 
been described as the most chaotic system anywhere. As you all know, 
there is a sort of simmering discontent in the minds of students about 
the whole business of teaching and research. We can see restless, low 
motivated students and teachers in the University/Col loge campus. 
Indian history discloses the fact that something or other is always empty 
in this country. Before independence it was stomach that was left 
empty; but now it is the mind. We know only to perform unintelligent 
mimicry of alien models. It is our sincere wish that it should change. 

Great academicians say that the University teacher is the 
University. Only when the individual teacher is alive, teaching becomes 
a profession. Then only research flourishes and new 
horizons of intellectual adventures unfold. I am confident that if we 
are willing we can take the university system to a new area of light, 
hope and progress. 

* 


The History of Indian Chemistry 

K. Muthulekshmi 

J.D. Bernal in his monumental work Science in History 
observes that almost every one of the early mechanical achievements 
of man had already been anticipated by specialized species of animals. 
But the use of fire is beyond the reach of any animal. It is this almost 
apparently accidental use of fire that led to its more scientific uses in 
pottery and metal making; and the tool-using animal was on its way to 
a scientific humanity. Just as the tool is the basis of physical and 
mechanical science, so is the fire the basis of chemical science. Cooking 
of food in fire was the first simple and essentially chemical practice of 
man. (J. D. Bernal, 1 954, Science in History, Penguin Books, 
Harmondsworth, p.70) 

Introduction 

Human endeavour to analyse the composition of the 
Universe and various objects is as old as civilisation. This led to the 
study of compositional changes effected by forces external and internal 
to it, and new compounds were formed by mixing two different 
substances. The application of this knowledge varies from pottery to 
medical sciences. 

Evidences could be found in literary works of the period and various 
| scientific treatises on alchemy, metallurgy, fireworks, paper works etc. 

| Various works in Sanskrit dealing with other areas of learning also point 
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to the fact that knowledge about chemistry prevailed in ancient India. 
Among the 64 arts and sciences enumerated in Kamasutra of Vatsyayana 
there is a mention of suvarnaratnapariksa (the examination of gold 
and gems), dhatuvada (chemistry and metallurgy), and 
maniragakarajnanam (knowledge of mines and quarries, and the 
colouring of gems and jewels). 

In Sanskrit literature, the branch of science which consists of the 
above said knowledge is called by various names of dhatuvada, 
lohasastra, rasasastra etc. Thus it can be assumed that the scope of this 
branch of science extends to the different branches of modern chemistry, 
viz, gemnology, metallurgy, alchemy etc. 

This paper attempts to chart out the evidences and mentions found 
in various texts dating from the prehistoric times in 
chronological order. 

Indus Valley and Harappan Civilisation (from Pre- 
historic Times to 1500 BC) 

Archaeological evidences indicate that chemistry was the basis of 
many material practices during the Indus valley civilization. Pottery, 
important among them, has a prominent place in the history of Indian 
chemistry. The pots were hardened by burning clay in fire; various 
processes involving minerals like prolonged heating, melting and 
evaporating were developed during this period. Along with these, the 
processes of moulding, colouring etc were also developed. A mixture 
of iron was used in the colouring of pots. Paintings were done with 
haematites mixed with manganese. The standardization in the 
production of pottery is also noteworthy. 

Knowledge of fermentation, manufacturing of glass etc also 
deserves mention. 

It is possible that the metals like bronze, copper, lead, silver, 
gold and electrum were known to the people of Harappan 
civilization. 


Vedic Period (B C 1500 - 600 ) 

Like various other systems of science of the Vedic period, the 
science of chemistry also developed in relation to the Vedic rites and 
beliefs. We can see that the manufacturing of various utensils and also 
the preparation of certain substances (dravya) for Vedic rites were based 
on chemical knowledge. Many types of metals, their characteristics, 
and uses etc are referred to in the Vedas, directly and metaphorically. 

Rgveda mentions metals like gold, copper, silver and bronze. A 
golden earring and necklace are mentioned thus: Hiranyakarnam 
manigrivam' 

Suklayajurveda speaks of tin and lead also: hiranyam ca meayasca 
me s\sam ca me trapusca me syman ca me loham ca me d 

Chemists opine that all these metals can only be obtained by 
complex chemical processes: “Each of these metals has different 
physical and chemical characteristics and need different types of 
extraction processes to get them out of their ores. No superfluous 
knowledge on the ore can give such names for the metals unless they 
were produced”. 3 

Atharvaveda compares the colour of the universal power with 
that of metals: “His flesh has the colour of syama (iron), blood has the 
colour of loha (copper), totally he has the colour of tin and has the 
smell of lead”. 4 

The technique for metallurgical alloying presented in Chandogya 
Upanisad is like this: “One would join gold with the help of lead, and 
timber with copper and leather.” 5 According to N. Gopalakrishnan, 
this technique is used till now for reducing the melting point of the 
metals to be alloyed. 6 

The fact that Rgvedic people knew fermentation of drinks is 
evident from the hymns praising somarasa. There are about 1 20 hymns 
praising it. 7 

Such references of Vedic literature point to the chemical 
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knowledge of that period. Though we find references to the 
mixing of different metals in the Vedas, we do not get a clear idea of 
the exact procedure the Vedic people followed for it. One 
reason may be that the chemists of that period, viz., potters, 
goldsmiths, black smiths etc, did not record their skills which they 
learned and passed on hereditarily. Not only that, it can also be assumed 
that the society of that period had not reached the phase of theorizing 
practical knowledge. 

Post Vedic Period (600 BC - 800 AD) 

This period was the flourishing age of Indian Chemistry. 
Various schools of philosophy, especially Sankhya, Nyaya and 
Vaisesika, Arthasastra of Kautilya, Brhatsamhita of Varahamihira and 
Ayurvedic texts like Carakasamhita and Susrutasamhita 
provide a lot of evidence regarding the advanced practices of 
Indian chemistry during this period. 

The Sankhya system of philosophy has a unique place in the history 
of thought because it embodies the earliest cogent and 
comprehensive account of the process of cosmic evolution, based on 
the conservation, transformation and dissipation of energy. 

The Nyaya and Vaisesika schools (BC 200) formulated the theory 
of paramanuvada or atomism maintaining that the basic composition 
of substances was paramanu-s or atoms. Paramanuvadins probed into 
the constitution and properties of matter. Kanada, the exponent of 
Vaisesika philosophy maintains the eternity of atoms. He also explains 
their existence and aggregation. According to Tarkasangrahadipika, a 
text on Nyaya-Vaisesika, the mote which is seen in a sun beam is the 
smallest perceptible quantity. Being a substance and an effect, it must 
be composed of what is less than itself, for the component part of a 
substance that has magnitude must be composed, of what is smaller, 
and that smaller thing is an atom. It is simple and uncomposed, else 
the series would be endless. 8 The atom is reckoned to be the one-sixth 
part of a mote visible in a sunbeam. 

Two earthly atoms constitute a double atom of earth and by the 


union of three binary atoms, a tertiary atom is produced and by 
concourse of four triple atoms, a quaternary atom and so on to a grossest 
mass of earth. The qualities that belong to the effect are inherent in the 
integral part of primary particle. 9 

The dissolution of substances occurs inversely. When some 
action is induced in a substance by pressure attended with velocity or 
by simple pressure, disjunction ensues. And then the integral substance 
consisting of those members is resolved into its parts and is destroyed, 
for it ceases to exist as a whole.' 0 

Kanada has elaborated the qualities of substances also. P.C. Ray 
points out that the definition of light as a substance hot to feel 
(Tarkasahgraha) is something remarkable, which has the 
implication that heat and light are identified as one substance." 

According to Vatsyayana (4 th century AD), chemical change may 
occur either by the application of external heat or internal heat. 12 In 
Kiranavali, Udayana (11 th cent AD) considered solar heat to be the 
ultimate source of all heat required for chemical changes of earth. He 
thought that solar heat was the cause of change of colour of grass 13 , 
ripening of mangoes, changes in smell, taste and colour. Rusting of 
metals (surya paka) and conversion of food into blood were also caused 
by it. M All these are instances of chemical transformation by heat. 

The Jaina philospher Umasvati in his, Tattvarthadhigamasutra, 
analyses the basic structure of substances. 

Jaina philosophers acknowledge nine substances. One of these is 
ajiva. Ajiva is divided into five. The first four are amurta. The murta 
padartha is called pudgala. Pudgala has two states, anu and skandha. 
Anu is eternal and ultimate. Skandha may vary from dvyanuka to 
anantanuka. 

The analysis of how various anus mix together to form 
substances is an original part of the atomic theory of Jaina 
philosophy. Only if two atoms are of visamaguna can they mix together. 
If these gunas are weak, no mixing together takes place. The samyoga 
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also differs in accordance with the characteristics of each anu. 

The nature of substance produced from the samyoga differs in 
accordance with the difference in samyoga. Prof. B N Seal opines that 
this may be an earlier form of the ionic theory of modern 
chemistry. 14 

Arthasastra (3 rd century BC) 

Arthasastra of Kautilya is considered to be a mine of 
knowledge, which is true in the case of Indian chemistry also. There 
are a number of references in it about mines and factories, the 
characteristics and origin of the ores of gold, copper, silver, lead and 
iron. The Superintendent of Mines was called akaaradhyaksa. He is 
supposed to have knowledge of the methods of finding the source of 
ores, the veins of metals and their quality. 15 The kinds of metals obtained 
from the mines are also mentioned. During Kautilya’s time treasury 
had its own mines. 

The melting of metals was called dravana or vilapana. 
Solidification of metals is termed mrti. 16 Heating was the most important 
process in the alloying metals. Descriptions of the characteristics of 
the ores of silver, copper, tin and iron are given in the Arthasastra . 17 
Coins were made using different metallic alloys. The various impurities 
found in ores are also referred to. 

One can also find the description of fermenting alcoholic liquids 
in Arthasastra. 

Ayurvedic texts 

Important Ayurvedic texts like Carakasamhita and Susrutasamhita 
(1 st century BC) speak of chemical aspects of the functioning of human 
body, digestion, and that of medicines. 

Carakasamhita 

Caraka classifies objects into three, viz., animal products, 
vegetable products and products pertaining to earth. 

He describes the nature and preparation of alkali (ksara) and gives 


a few instances of minerals and metallic preparations. 
Certain minerals like sulphate of copper, sulphate of iron, realgar, 
orpiment and sulphur in combination with vegetable drugs are 
prescribed by him for external application for cases of ring worm, 
eczchema, leprosy etc. 18 He speaks of pill iron compound 19 , 
powder of pearl compound 20 and iron, gold and silver tonics. 21 
Rasayanacikitsa prescribed for longevity etc includes many of these 
metallic preparations. 

Susrutasamhita 

The portion in Susrutasamhita, which explains the 
preparation and use of alkalies, occupies a prominent place in 
Indian medical chemistry. It is said that alkalies were used to clean 
surgical instruments, which were used to cut the diseased parts of human 
body. (The term ksara itself means that which removes away the 
affected parts of the body). Plates of iron, silver and gold were dipped 
in alkaline liquids before mixing with medicines. Susruta classifies 
alkalies into mrdu, tiksna and madhyama. He gives the preparation of 
each category. Some of them are used for external application and 
some for internal administration. They are used externally for skin 
diseases like kustha, tumors, piles etc. and internally for abdominal 
tumors, indigestion, urinary deposits, intestinal worms etc. Devices to 
store them are also advised. According to him, the sharp, saline taste 
of alkali when mixed with acid becomes very mild and give up its 
sharpness. That is why acid neutralises alkali. 

Different metals like bronze, iron, gold, silver, lead, copper, tin 
and different salts like rock salt and sea salt are enumerated in the 
Samhita. Roasting of iron and other metals so as to render them fit for 
internal administration has been described. The thin leaves of metals 
were plastered with a paste of the salts and afterwards subjected to 
roasting and were converted into their respective oxides, chlorides or 
oxichlorides. This can be considered a crude process for the preparation 
of the metallic salts. 22 
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Brhatsamhita (6 th century AD) 

Varahamihira, in his Brhatsamhita, refers to mordants like alum 
and sulphate or iron for the fixing of dyes on textile fabrics. It also 
alludes to cosmetics, scented hair dyes, perfumes etc. It also contains 
information on various cement preparations, which may be classified 
under two heads: rock cement (vajralepa) and metal cement (vajra 
samghata). These varieties of cement were applied to the walls and 
roofs of temples and other buildings. 23 

Alchemy in Tantric Period (800 - 1600 AD) 

The flourishing of Chemistry in India, especially alchemy, has an ! 

interesting phase during the period of tantra. The tantric cult in India 
was an admixture of alchemical processes on the one hand and j 

grotesque rites on the other, centered on the worship of Siva and Parvati . 

We also have a class of tantras, which is an admixture of Buddhist and i 

Saiva cults. Rasaratnakara ascribed to Nagarjuna belongs to this 
category. According to tantric cult, a man should preserve his body by 
means of mercury and medicaments. According to tantrics, mercury 
was produced by the creative conjunction of Siva and Parvati and 
mica was produced from Parvati. The combination of mercury and 
mica was believed to be destructive of death and poverty. 

Sarvadarsanasarigraha of Madhava which elaborates the 
sixteen philosophical systems current in 14 th century AD, includes 
rasesvaradarsana or mercurical system as one among them. According 
to this darsana, different preparations of mercury can enable a man to 
be free from old age and death, ie., to obtain jivan mukti. Rasa is 
called parada because, it enables one to overcome the wordly affairs. 24 

In relation with Ayurvedic and Tantric knowledge, a special branch 
of science was developed, ie., rasacikitsa. The knowledge that mercury 
could make structural changes in substances was a turning point in the 
history of chemistry. Metals and medicines were turned to medicine j 

using mercury. The very same knowledge is the basis of rasacikitsa. ! 

Earlier drugs of herbal origin were used as medicines because of their 
natural and easy availability. But gradually, metals, minerals and ■ 
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chemical substances came to be used as medicines for various external 
and internal diseases. 

Rasarnava of unknown authorship, Rasaratnakara of Nagarjuna 
and Rasaratnasamuccaya of Vagbhata are some of the important works 
of Indian alchemy written during the tantric peried. Rasartnakara and 
Rasarnava are tantras pure in which alchemy is incidentally dealt with. 
Rasaratnasamuccaya is a systematic treatise on pharmacy and medicine. 
Rasaratnakara of Nagarjuna contains descriptions of alchemical 
processes and preparations of mercurical compounds. Extraction of 
zinc, mercury and copper are described by him. He also elaborates on 
the preparations of crystalline red sulphide of mercury (svarnasindura 
or makaradhvaja) which is used as medicine for many ailments. 

There are also works written in regional languages like Tamil, 
Telugu, Kannada, Malayalam, Bengali, Marathi, Oriya an Gujarati on 
alchemy. Here, Tamil works on siddhavaidya, about two 
hundred in number, deserve mention. Works of Agastya, Nandisvara, 
Romarsi and Kailasamuni are important among them. A comparative 
study of the alchemical ideas of these Tamil and Sanskrit works has 
not yet been initiated. 

According to tantric cult, siddhis are two types - dehasiddhi 
(development of the body) and lohasiddhi (development of 
metals). The first pertains to making mercury capable of changing 
the molecules of lower metals into molecules of higher metals. 
Mercury, which is capable of this, can certainly transform human 
molecules also. This is dehasiddhi. Lohasiddhi is called alchemy or 
dhatuvada. Dehasiddhi is obtained through lohasiddhi. Gradually, 
devices to refine metals led to the making of their powders, which 
were used as medicines. 

As part of these alchemical processes, there are certain 
methods to purify mercury. Indian alchemists had adopted 18 
methods for this purpose. 25 They also make classification of 
chemical substances into maharasa, uparasa, dhatu, ratna and visa. 
Certain refining processes of metals and mine products, mixtures of 
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mercury also deserve special mention. I 

An important feature of Indian alchemy is the description of 
certain plants used in alchemical processes. About two hundred plants 
are referred to in this connection. We get an elaborate description of 
the labortaries and the instruments from these alchemical works. 

Metal Works 

The metal workers in India had made complicated idols from 
bronze and copper. The iron pillar in Qutab near Delhi, which weighs 
ten tones and in 1 500 years old, certain iron beams in the temples of 
Puri and Konarak in Orissa and Rajasthan, prove the advancement of 
metallurgy in India. 

It is to be pointed out that as part of a study of the different branches 
of different folk traditional knowledges of Kerala, much j 

evidence has been found regarding centuries-old iron production in j 

Malabar 26 , especially in Malappuram and Palakkad districts. The place ; 

names related to iron production (Irimpuzhi, Utalakunnu, Alapparambu j 

etc), the ore deposits (ayiru mata ) hidden in bushes, Kita kallukal 
which are the sediments of iron production, and the remains of melting : 

points of iron production are the existing evidences of once alive iron j 

production practices in Malabar. j 

Fifteenth and sixteenth centuries were famous for the 
manufacture of guns also. ; 

Manufacture of Paper 

The technique of paper making probably came to India from China 
through the Arabs by about 11 th century AD. Before the 
emergence of paper Indians preserved their knowledge in talapatras or 
bhurjapatras. But in about 1 5 ,h century AD paper was made by mixing j 

lime and soda with pieces of rags. There were paper j 

making factories in Punjab, Bihar, Bengal, Gujarat, Mysore etc. | 

The Chemistry of Fireworks 

Books on fireworks are available in various languages like 
Sanskrit, Tamil, Marathi and Malayalam. The various ingredients that 
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go into the preparation of explosives were the following: saltpeter, 
sulphur, charcoal, iron powder, mercury, copper etc. 

Conclusion 

The theories and practices relating to chemistry held a 
prominent place in different areas of learning in India. As pointed out 
by P.C. Ray, the general notions about the factors that obstructed the 
gradual development of Indian science include the following factors. 27 

1. Education in India not being secular and universal, and 
professions being hereditary and caste-specific, the technical skills and 
knowledge became confined to certain sections of society. The 
intellectual community in society did not have active interaction with 
the practitioners of various sciences like the artisans etc. 

2. The other-worldly attitude propagated by certain 
philosophical Schools like Advaita resulted in the discarding the 
empirical world itself and as a corollary, empirical sciences. 

3. Colonial intervention which destroyed indigenous sciences and 
knowledge systems. 

But it is felt that the science of rasacikitsa does not fully conform 
to these observations. Rasacikitsa which is widely practised in north 
India is indicative of the living aspect of the ancient Indian scientific 
heritage. It originated and flourished in the post-Sankara period (800 - 
1 600 AD) with tantric spirituality based on Saiva and Bauddha agamas. 
The popular notion that spirituality is essentially antithetical to scientific 
spirit is to be rethought in this context. 
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Structure and Evolution of Matter: 
Sankhya-Vaisesika Dichotomy 

K. N. Neelakantan Elayath 

| The contribution of both idealistic and realist philosophers of India 

; to the general fund of science and scientific methodology cannot be 

| underrated. Many basic scientific concepts and methods in the 

j- investigation of physical phenomena are dominant in their thought. In 

; their investigation they discussed many issues like the criterion of truth, 

observation and fallacies of observation, theory of inference and 
! ascertainment of causal relation. Among these the cause-effect relation 

j is one of the major tools of scientific investigation employed by Indian 

philosophers. The examination of causal relation resulted in two 
apparently contradictory theories called the theory of change 
(parinamavada) and the theory of new creation (arambhavada) 
j formulated by Sankhya and Vaisesika philosphers respectively. Both 

concepts are not hypothetical but outcome of the observation of natural 
j phenomena. 

Application of Causal Theory 

The application of these two theories of causation is in 
j explaining the origin and evolution of physical matter. Different theories 

j on the origin of the material universe frequently figure in Indian religions 

| especially in the context of cosmological speculations. These 

j speculations later appear as distinctive scientific theories in Sankhya 

and Vaisesika systems. 
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Parinamavada 

According to theory of change formulated by Sahkhya there is no 
production of a thing previously non-existent. Technically known as 
parinamavada / satkaryavada the theory establishes that the creation is 
nothing but the manifestation of a quality already existing in the cause 
in a potential form. The effect already exists in the cause in unmanifest 
form. Thus the oil exists in sesamum seeds, statue in the stone and 
curd in the milk. The causal operation renders that manifest which 
was formerly in an unmanifest form. This seems to be based on the 
principle of conservation of energy, which says that the total energy 
remains the same while the world is constantly evolving. 

Parinamavada Applied 

The Saiikhyas apply this theory of causation to explain the 
formation of the material universe. Accordingly all the material objects 
are evolved out of the primeval matter called prakrti whose 
constituents are the three gunas : sattva, rajas and tamas. They are held 
in equilibrium. The process of prakrti, once its equilibrium is upset, is 
called evolution. Gunas are not qualities or properties but units of 
existence. These guna-substances are combined in different proportions 
and different substances with different properties evolve. 

Process of Evolution 

The first product to evolve from prakrti is mahat, the basis of 
intelligence and from Mahat self-sense or ahamkara is produced. From 
the tamasic aspect of ahamkara (called bhutadi) with the help of energy 
or rajas is produced the five tanmatras - the subtle elements or infra- 
atoms. The bhutadi from which the tanmatras are produced is absolutely 
homogeneous, inert and possesses no qualities except mass. It is 
sometimes compared to primieval atom of the Big Bang theory, which 
contained the entire mass of the universe. The name tanmatra suggests 
that it is structureless. These are the fundamental particles of matter. The 
five tanmatras are the sabda, sparsa, rupa, rasa and gandha (the essence 
of sound, touch, light, taste and smell respectively). These infra-atoms 
are said to be non-specific (avisesa) because the specific characteristics 


of their inherent properties are not yet manifested in them. They are inert 
but possess quantum or mass. These tanmatras combine to form larger 
units called atoms or paramanus, which can act as sense-stimuli. Photon, 
the elementary particle of light of modern physics, can be considered as 
corresponding to the light tanmatra of the Sankhyas. 

It is said that tanmatras combine to form large units called 
atoms. In the process of evolution, the ether-atom is produced from 
sound-tanmatra, the sound-tanmatra in conjunction with touch- 
tanmatra produces air-atom and so on. Thus each succeeding gross 
element has more attributes than the preceding one because there is a 
large number of tanmatras causing it. These atoms correspondingly 
have all the properties of the tanmatra. The ether-atoms, thus possess 
penetrability, air-atom pressure, light-atom radiant heat and light, water- 
atom viscous attraction and earth-atom cohesive attraction. Various 
other properties of gross matter are also enumerated in later Sahkhya 
and Yoga works. 

The theory of parinamavada cannot be understood except in terms 
of the principle of conservation of energy. The gunas of prakrti are 
infra-atomic quanta of real and are forces rather than substances. All 
the materials are produced by the permutation and combination of 
these gunas. This is well explained in Yogabhasya when it describes 
the important features of these gunas. In the new productions the aspects 
called dharmas constitute various modes of the gunas. They never get 
increased or diminished. Change according to Sahkhya after all is only 
a formation of new collocation and not entirely new creation. 

Arambhavada 

Against this axiom of Sahkhya, Vaisesikas propose asatkaryavada, 
also called arambhavada or paramanukaranavada. Accordingly 
anything that is produced is a new creation. Though it presupposes a 
cause, the effect is not contained implicitly in the cause. Atoms of the 
four elements earth, water, fire and air are the ultimate unit of matter 
and all physical objects are combinations of atoms. Hence creation 
means combination of atoms in different forms. Only combination of 
atoms one produced or destroyed. The material and instrumental causes 
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possess some power within it and their collocation destroys the cause 
and creates the effect, which did not pre-exist in the cause. In other 
words, that which is produced was non-existent. In order to make 
something a cause it should be invariably and unconditionally 
antecedent (niyatapurvavrtti) to the effect. The operation of the cause 
is analyzable into molecular motion. It is sometimes interpreted as, 
‘the test of the expenditure of energy’. Effect is the sum of the operations 
of different causal conditions. The pot does not pre-exist in the clay, it 
is a new production, for a new purpose is served by the new creation. 
The material with which an object is made is called samavayikarana 
(and not samyoga) to show its intimate connection with the effect. 
However, Vaisesikas hold that the qualities of the cause are the causes 
of the qualities of the effect except in certain causes like the operation 
of heat in production.This, in short, is the theory of new creation. 

Application of the Theory 

On the basis of this axiom Vaisesikas explain the process of matter- 
evolution in a different way. Accordingly the fundamental 
particles of matter are atom of earth, water, fire and air. They 
eternally exist, unchanged and have permanent qualities. Though 
eternal, they are non-eternal in their gross aspects. Their nature is 
spherical (parimandala) and is the ultimate unit of matter, which has 
no further structure. The atoms of the respective elements carry all the 
sense qualities like colour, taste, smell and touch. In addition to this 
number, heaviness, and liquidity are also qualities of atoms. Among 
the substances akasa or ether is inert and has no atomic structure. 

Process of Formation 

Each atom possesses an inherent vibration (parispanda) and by an 
original tendency unites with another atom to form a binary molecule 
(dvyanuka). When they unite in pairs they produce 
homogeneous qualities in a binary molecule. The only exception is 
when a chemical action takes place in earth-substance due to the action 
of heat. 

Regarding the origin of larger matter like triads (tryanuka) 
different views persist. Some atoms unite in pairs and other in triads 
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and tetrads. It can unite in two ways either by uniting in groups of 
three, four, etc., or by successive addition of one atom to each preceding 
aggregate. In the second case the triad will be a combination of three 
atoms and not three binary molecules as represented by the orthodox 
Vaisesika view. 

According to Prasastapada, however, three binary molecules are 
grouped by three, four etc., to form different isomeric 
modifications. Varieties of substance are due to the differences in the 
arrangement of the molecules (vyuha / avayavasannivesa). These 
groupings account for specific characteristics manifested in these 
isomeric substances. But when heat is applied to earth-objects it 
decomposes their atoms and changes their qualities. This view is held 
by pilupakavadins among Vaisesikas. The later Vaisesikas speak of a 
different combination in the formulation of chemical compounds, 
mono-bhautic compounds and hetero-bhautic compounds. This, in 
brief, is the process of formulation of matter in Vaisesika system. 

Both Sankhya and Vaisesika theorists hold that the objects of this 
universe are ultimately evolved out of matter. While the latter 
considers atoms of the four elements as the basic building blocks from 
which material world originated, the Sankhya goes a step further and 
postulates a structure less infra-atoms tanmatras as the ultimate source 
of matter. Here atoms are produced at a later stage of evolution. 
According to both, atoms have qualities. In Sankhya they are inherited 
from tanmatras. In Vaisesika they are taken to be permanent qualities 
and appear in subsequent formations. So there is no real contradiction 
in the atomic theory of the constitution of matter with the Sankhya 
theory of their constitution from the primordial matter. 

The theory of Saiikhyas that the effect pre-exists in the cause in a 
potential form is based on the principle of conservation of energy. 
Vaisesika’ s perception of causality takes into account the creative aspect 
of material objects. This is because the created object serves a new 
purpose, which cannot be done by the cause. And thus every effect 
beginning from dvyanuka is a new creation. Yet they admit that the 
qualities of atoms are carried into the new production. Both deal with 
the problem of change and stress the fact that change is not total as 
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Buddhists conceive. 

Though there are elaborate discussions on the tenability of these 
views on production in Sankhya and Vaisesika works, the main issue 
seems to be philosophical and metaphysical rather than scientific. This 
is because both were philosophers and were essentially dealing with 
formal science. If we take it as a scientific methodology, both these 
schools were looking at the evolution of matter from different 
perspectives and were trying to settle the problem of change. 
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Atomism in Indian 
Systems of Thought 

P. M. A. Rahiman 

India had witnessed the impact of the attacks of different 
cultures ranging from the Greek to the Mugal, by which she was 
influenced in varying ways. But one thing, amidst all this cultural give 
and take, should be remembered with due gratitude that these foreigners 
in general did not harm the spiritual integrity of Indian thought. 
Moreover many rulers encouraged and helped to heighten its perfection 
through debates and discussions of various Schools of Indian 
philosophy. The nucleus of the cultural history of India is its 
philosophical thoughts. The concept of the creation of the universe, 
developed by all schools of philosophy of India has the Anusiddhanta 
or atomic theory, as its axis. 

From the very early stages of Indian thoughts, the idea of Anu or 
atom was prominent. Even in the Upanisadic period, we can see ample 
references to this word. ( anuh pantha vitata h purano-- 
Sr.Aran. Up. 1 V.4.8 & anoraniyan mahato mahiyan Kath. Up. 11.13). 
It is found to be used to denote the measurment of a matter. Yaska, 
the author of Nirukta, who lived centuries before Panini, used the 
word anu to refer to the minutest measurement, which was 
considered to be the smallest basic unit of any matter. Thus it is 
evident that all the teachers of that period had known about atomic 
existence of the matter (bhutas). 

Moreover the Naiyayikas and Vaisesikas, who took the atomic 
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theory as an important principle and discussed its possibilities in the 
creation of the universe, use this word to refer to a measurement as 
well as to atom. ( anuparimana - anu mahad iti tasmin visesabhavat 
visesabhavacca. Vai. Su. VI 1.1.1 1 .na pralayo’ nusadbhavad. 
Nya.Su. 7 V.2.6. anusamyogastu apratisiddhah. Vai.Su. 1 V.2.4). This anu 
is also indicated by the word paramanu since it shows the end of the 
concept of the minutest measurement. 

We can see that there are two sects of thought based on the 
anusiddhanta or atomic theory - those who accepted the existence of 
anu as the basic unit of matter (bhutavastu) and those who did not 
accept this. 

With regard to the attitude of carvakas, the atheists, we do not 
have sufficient documents to prove whether they accepted the theory 
of atomism or they refuted it. The main reason for this is that there is no 
authentic work available to substantiate this, except for some quotations 
of the rival schools which were cited with a view to refute their views. 

Jainism and Buddhism could be considered as the atheistic 
philosophies after this and we may examine how they dealt with this 
theory. 

Jainism and the Atomic Theory 

The important view of Jainism on the universal existence is that it 
is constituted of atoms. Matter is called pudgala which means that 
which is liable to integration and disintegration (purayanti ga/anti ca). 
The atom is accepted as the smallest unit of matter and hence cannot 
be divided. Compound objects (samghata or skandha) of the material 
world including senses, mind, and breath, are the combination of atoms. 
Matter has four qualities of colour, taste, smell and touch, but not sound 
as sound is considered as a modifiction of matter. These atoms are 
considered to be the abode of souls. As the ancient Greek atomists 
Democritus and Leucippus, the Jains do not maintain any qualitative 
differences in the atoms. Since there is no difference of atoms in quality, 
it is indistinguishable. They are differenciated by developing the 
qualities of colour, taste, smell and touch. The distinction of elements 
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as earth, water, fire and air is secondary, and transmutation of elements 
is quite possible. Matter in its subtle form constitutes karma which 
infiltrates into the souls and blinds them to samsara. But according to 
Jainism even the atoms would have effects because they also undergo 
transformation of colour by heat. This is because these qualities are 
attributed to it (ie.atom) in the secondary stage, as noted earlier. 

The effects in the world are produced by the combination of atoms 
which are subject to mutual attraction .Two atoms form a 
compound, when one is viscous and the other dry, or when both are of 
different degrees of viscousness and dryness. Only the 
dissimilar atoms are combined together. The Jains too admit the 
attraction and repulsion of atoms. The movement of atoms is brought 
about by means of space, dharma, and adharma. The skandhas 
(compounds) combine with other skandhas. Thus pudgala exists in 
two forms - anu and skandha. The changes of the physical universe are 
traced to atomic disintegration or aggregation. The Jains do not accept 
the qualitative differences of primary atoms. In this matter Jains agree 
with Leucippus and Democritus. Moreover, the atom may develop a 
motion of its own so swift that it transverses in one moment the whole 
universe from one end to another. Thus the Jains accept the attraction, 
motion, and combining capacity of the atoms. 

Buddhism and Atomic Theory 

Among the Buddhists the Vaibhasikas and the Sautrantikas 
accept the atomic theory. The effective objects (karyajatadravya) are 
the results of the gathering together of the ultimate atoms 
according to their capacity. All objects are ultimately reducible to atoms. 
The Vaibhasikas maintain that the atom has six sides, and yet is one, 
for the space within the atom cannot be divided. They also hold that 
the atoms can be seen in a mass, though we cannot view individually 
just as we see a mass of hair, but not a single hair. According to 
Vasubandhu, an atom is the smallest particle of rupa. It cannot be 
placed anywhere or tampled on or seized or attracted. It is neither 
long nor short or having no shape at all. It is indivisible, unanalysable, 
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invisible, inaudible, untastable and intangible (Abhidharmamaha- 
vibhasa). The atoms cannot penetrate one another. The Vaibhasikas 
and the Sautrantikas do not admit dyads (dvyanuka) or triads (tryanuka) 
though they allow indefinite atomic aggregations. Bodies which are 
the objects of senses are aggregates of atoms. The unit possessing the 
qualities rupa, gandha, rasa, and sparsa is paramanu or the ultimate 
atom which defies analysis. The paramanus become perceptible when 
they combine. The perceptible atomic unit is the anu which is a 
combination of paramanus. The atoms are the same in all the elements 
possessing the qualities of earth, air, fire and water. An object in the 
world will show the qualities of four elements but in some cases some 
elements display their active energy. 

Thus they (the Vaibhasikas and the Sautrantikas) hold that the 
smallest unit of matter is paramanu and it becomes perceptible by 
combination and the smallest particle of perceptible matter is anu. 
This anu has no differentiation of earth or water but by possessing 
qualities they become the material things of earth, water, fire or air. 
(Here Sankara refutes this atomic principle of these two groups calling 
them sarvastitvadin. Brah.Su.Bhas. 2.2.18). 

When discussing on the rupaskandha,Vasubandhu refers to an 
important theory of Buddhists, ie, the paramanus exist as a 
collection (sanghata), not single. The Sautrantikas also held that akasa 
is the same as the ultimate atom, since both are notions and 
nothing more. 

Mimamsa and Atomism 

Mimamsakas do not deny the existence of atoms. According to 
Prabhakara there are three eternai substances: time, space and 
atoms. But it is doubted that the word anu is used to denote the manas. 
(mind) which is atomic in structure. But the Prakaranapancika of 
Salikanatha (9 th century.A.D.) puts forward the view that adravyadravya 
- the uncompounded matter - is of two types-paramamahat and 
paramanu. Kumarilabhatta summarises the atomic theory, wherein, 
he explains this with suitable clarifications. The quality of colour 


compared to blue etc becomes samanya. Again that blue compared to 
its special attributes becomes generalized. While coming to the stage 
of paramanus even dyads become a general phenomenon because it 
rests upon two paramanus. (....ni/adinam samanata / te capi tavat 
samanyam yavat syuh paramanavah/dyanukasyapi yadrupam taddhi 
sadharanam dvayoh//) By that last particle ( antyena visesena - 
paramanuna) we can have no transaction. We cannot see it alone or 
with any other group. When a group is formed the atomic character of 
a matter does not vanish. Parthasarathimisra (10 th century.A.D.), the 
commentator of Kumarilabhatta, in his Sastrad'ipika undoubtedly 
establishes that paramanu is the minutest unit of matter. But in 
Manameyodaya (17th century A.D.) the atomic theory of Nyaya- 
Vaisesikas was refuted and it is claimed that the smallest unit is triad 
(tryanuka) as there is no evidence to accept an invisible 
{jalarandhravitejojala-bhasurapadartha visesan alpakaniha punah 
paramanun ka/payanti kumaritasisyah tadatirikta pramanabhavad 
anupayogacca tadatiriktakalpanasya. ...) 

According to Prabhakara the material things exist in their general 
form as they are conceived in that form. The constituant cause of them 
is paramanus and auxiliary cause (asamavayikarana) is the combination 
of paramanus. If the soul is omnipresent what may be the driving factor 
of that movement is to be explained. 

Mimamsakas do not admit that movement (atomic motion) for 
the principle of movement is the energy which moves the atoms and 
this is possessed by the omnipresent soul. It is by the energy imparted 
by it (soul) to the body that the latter (paramanu) moves. 

In short, even the atomic theory was familiar to the Mimamsakas, 
they were not bothered about the logical or scientific perfection of it. 

Sankhya and Atomic Theory 

The Sankhya system accepts the material world consisted of earth, 
water, fire, air and space. But they hold them (earth etc.) on their material 
aspects; not how the senses accept their cognition. According to them 
five classes of atoms are generated. The sound potential, generates the 
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akasa atom. The touch potentials combine with the vibratory particles 
(sound potential) to generate the Vayu atom. The light and heat 
potentials combine with touch potentials to produce the tejas atoms. 
The smell potentials combine with the preceding potentials to generate 
the prthvl atom. Touch potentials and sound potentials generate ap 
atoms. The akasa atom possesses penetrability and so on. Thus we can 
see that any collocation of atoms forming a thing could not change its 
form, unless the barrier inherent or caused by the formation of the 
present collocation could be removed by some other extraneous 
instrumental cause. 

Here it is noticed that the eternal existant matter is Prakrti 
(mulaprakrti) and all material things are its constitutional arrangements 
(sannivesavisesa.). The tanmatras as well as the atoms are the formative 
variation of this prakrti and thus the minutest unchangeable unit of 
matter is not the atom for Sahkhyas. 

The Advaita Vedanta School of thought does not accept the 
material world in its structural form and hence it is not necessary to 
estimate their stand on the atomic theory. 

Now we may discuss two schools that analytically discussed the 
atomic theory with its scientific possibilities in detail. 

The atomic theory of Nyaya-vaisesika school is so natural to the 
human mind that early attempts at the explanation of the physical world 
assume this form. 

Nyaya Philosophy and Atomic Theory 

In the beginning stage Naiyayikas and Vaisesikas have their own 
views in connection with the atomic principle. Gautama, the 
propounder of Nyaya system refutes the delusion theory of Sahkhyas 
telling that it is impossible because of the existance of atoms {na pralayo 
nusadbhavad, Nya. .St/. IV. 2.1 6). Even in the delusion all material things 
exist in the form of their atoms and hence in this universe there is no 
possibility of utter non-existence. 

A detailed analysis of the theory puts forth the problem 
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concerning the all pervading and eternal nature of akasa. If it is 
accepted, then the eternity of atoms cannot be accepted. A matter 
which is mixed or combined with another matter cannot be 
eternal. Gautama explains that the contact of akasa, kala, and dik should 
not be treated like other matters. These matters are over and above 
such considerations as these matters are entirely different from other 
matters like earth etc. ( akasavyatibhedat tadanupapattih / 
akasasarvamgatatvam va / antarbahisca karyadravysya 
karanantaravacanadakarye tadabhavah / Nya.Su. 1 V.2. 18-20). 

There is an argument that the atoms are not eternal since they are 
constituted of parts. In that case, a matter when combines with another 
it might have sides and if there are sides for a matter it can be split into 
parts. Here an atom has combination with other matter ie. akasa. Gautama 
refutes this argument saying that if we accept a view that the atoms have 
parts, then we could have multifarious splitting of atoms in particles and 
so on. Thus there will be no end to that process and there will be the 
defect of anavastha. Moreover there can be no objection to the contact 
of an eternal one with another eternal one ( anavasthakarit 
vadanavasthanupapattescapratisedhah/Nya.Su. 1 V.2.25) 

The eternal atoms are incapable of division into parts. The atom 
marks the limit of division. If matter were infinitely divisible then we 
should have to reduce it to nothing and admit the paradoxical position 
that magnitudes are built up of what has no magnitude, bodies out of 
the bodyless. 

Vaisesikas and the Atomic Theory 

The atomic theory was discussed in a clear and definite form in 
the Vaisesikasutras. These sUtras are written before Nyayasutras (vide 
S.N.Dasgupta: Introduction to Indian Ph i/osophy, Vo 1 . 1 pp. 276-83). 
The word anu is meant as paramanu and as the smallest unit. 

The atoms are the material causes of effects. Though they are 
supersensible, they can be classified, though not from the stand point 
of size, shape, weight and density, but by a special differentiation or 
distinct individuality (visesaA The qualities which they produce in the 
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different forms of sensible things help us in the classification of atoms. 

The special qualities of sensible things are odour, flavour, luminosity, 
and temperature. There are four classes of paramanus giving origin to 
the four great classes of material objects - earth, water, light and air. 

These four classes of paramanus are said to produce the four senses of 
sight, taste, smell and touch. Fabric after fabric in the visible world up 
to the terrestrial mass itself may be dissolved, but the atoms will abide 
ever new and fresh, ready to form structures in the ages yet to come. 
(Dr.S.Radhakrishnan: Indian Philosophy, Vol.1 1, p.197). The Vaisesikas 
hold that atoms do not exist in an uncombined state in creation. 
Atmospheric air is, however, an exception to this rule, since it is said 
to consist of masses of atoms in loose, uncombined state. The Naiyayikas 
are not satisfied with this account. During creation they are said to 
possess a vibratory motion (parispanda). According to them, only dyads 
produce things. The three dyads produce the triad, which has a 
dimension which is apprehended (anubhavavedya) as having the size 
of a mote in the sunbeam (jalasuryamaricistha). Here it is important to ' 

note that the general rule, which tells the qualities of the causes produce 
corresponding qualities in the effect, is to be exempted. But this quality 
of effect is derived from the distinct individuality of the cause, atom. . 

Moreover it is significant that the atom which are material causes of ; 

the dyads are eternal and cannot be destroyed. The dyads are destroyed, 
not by the destruction of the primary atoms, but by the destruction of 
the conjugation of the primary atoms. 

Ancient Naiyayikas hold that by the destruction of the 
effect, the causes are also destroyed. But this is not in the case of dyads 
where the conjugation alone is destroyed. But later Naiyayikas hold 
that, here, the act of destruction refers to the destruction of the 
conjugation only. However, the pilupaka and pitharapaka too are to 
be taken into consideration. The Vaisesikas take that the change in 
temperature ( vijat'iyatejassamyoga ) produced the change of colour, 
taste, smell and touch only in the case of atoms not in the material 
thing as a whole. But the Naiyayikas argue that the change is brought ! 

into the material as a whole, and not to its components (atoms). This > 

• j 
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change occurs by the influence of heat that enters into its inner'parts 
through the small holes of the material effect. This is called pitharapaka. 
Anyhow both schools accept heat as the main agent of the 
transformation of taste, colour etc. of material effects. 

According to Udyotakara (111.1.4) there is no difference 
between an atom of a barley seed and a paddy seed, as these are all 
but atoms of earth. Under the continued impact of heat particles the 
atoms take new characters. It is heat and heat alone that causes the 
transformations of colours etc. in the original bhuta substances. 
Prasastapada holds that in the higher compounds of the same bhuta 
the transformation takes place (under internal heat) in the 
constituent atoms of the compound molecules, atoms specially 
determined as the compound and not in the original atoms of the bhuta 
entering into the composition of the compound. Thus in the fertilized 
ovum, the germ and the ovum substances, according to the Vaisesika 
view, are both isomeric modes of earth (combined with other bhutas) 
are broken up into homogeneous earth atoms, and it is these that 
chemically combine under the animal heat and the force vayu to form 
the germ (kalala). Then the germ plasm develops, deriving its nutrition 
from the blood of the mother, the animal heat (jatharagni) breaks up the 
molecules of the germ plasm into its constituent atoms. These germ plasm 
atoms chemically combine with the atoms of the food constituents and 
thus produce cells and tissues ( Nyayakandali , pp 33-34). 

Here we have the changes and formations of the bhutas of two or 
more. This is another type as in the case of oil, fat etc. This is called 
upastambha. Another significant milestone in the study is Udayana’s 
view that the solar heat is the source of all the stores of heat required 
for chemical change. Thus heat may strike the atoms in a peculiar 
way, so as to break up their grouping, transform the physico-chemical 
characters of the atoms, and again re-combine them, all by means of 
continual impact within conceivable velocity, an operation which 
explains all cases of chemical combination. 

The atomic theory of Nyaya-Vaisesika school is not based on Vedic 
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testimonials. But the theoreticians of those Schools are found to be 
indifferent to this. (Udayana, very much tiresomely tries to establish 
the anusiddhanta derived from the Upanisadic Schools). Moreover the 
atomic existence is confirmed through inference as these atoms are 
not subjected to perception (Sridhara: Nyayakandali- 

anuparimanataratamyam kvacid / visrantam parimanataratamyad / 
yatredam visrantam yatah paramanu nasti sa paramanuh //). 

Then the combination of two atoms to become a dyad is 
doubtful. The combination occurs between two objects having sides 
of external surface. Conditionally these atoms are in the space and 
there itself the combination occurs. There is no prohibition for this 
combination and thus the dyad is generated and then by three 
dyads the triad is originated and then only the component-compound 
relation is accepted. 

The basic cause for the combination of the atoms is well 
discussed. Vaisesikas do not accept the theories of Jains that some 
atoms are viscous and others are dry and thus they combined 
together. They hold that all atoms have their own individual 
speciality (visesa). There is no difference from one atom of a 
matter (bhuta) with another atom of the same matter. They accept the 
dharma and adharma as the reason for the provocative cause of 
combination of atoms. Later they accept an unseen power (adrstasakti) 
which became the cause of combination. (Udayana took this force as 
of Isvara and after him Tsvara was accepted as instrumental cause). 
Some take that this power is put into the atoms themselves. This power 
when worked with each other the production process of material things 
is carried out. When this power is released it is very much useful and 
current in this day to day life, according to the Yoga philosophy. 

There is an opinion that these atomic theories were inspired by 
Greek thought and arose possibly at a period when India was in 
contact with the western world, where the doctrine was widerspread 
(Keith: Indian Logic and Atomism, pp.17-18). But it is not a 
factual statement. Apart from the general conception of the atom as 
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the inseparable unit, there is nothing common between the Greek and 
Indian versions of atomic theory. According to Democritus, atoms have 
only quantitative differences and not qualitative. He thought the atoms 
are differed in figure, size, weight, position and arrangement but no 
difference in quality and divisibility. But Kanada confirmed that each 
atom possesses its own distinct individuality (visesa). The Indian 
schools do not accept the Greek view that secondary qualities are not 
inherent in the atoms. For Democritus and Epicureus, the atoms are in 
motion by nature, while for Kanada they are primarily at rest. Democritus 
held that it is possible for atoms to create souls, while Vaisesikas take 
soul and atoms as co-existent. The Greek atomists are of the opinion 
that the atoms, infinite in number and diversified in form, fall through 
boundless space and dash against each other, since the larger ones are 
moved more rapidly than the smaller. Thus falling into vertices they 
form aggregates and worlds. The changes in the motions of the atoms 
are said to occur in an incalculable way (Wallace: Epicureanism, p.l 00). 
But the Vaisesika view is coloured in a spiritual manner by accepting 
God as the cause of movements in atoms in the later period. 

Nowadays these concepts differ much. Now mass is not an 
unalterable existent, but is said to vary with velocity. It is resolved into 
infinitesimal centers of electric energy, with no bodily 
support, scattered at relatively wide intervals and flying to and fro at 
incredible velocities. Heat, light and motion are found to have weight 
quite apart from the matter. The atom has now become a system of 
electrons which are units deriving their character from ether (space). 
The premier atomic theories are unable to explain such facts. In India, 
as well as in Greece, this hypothesis was put forward as a physical one 
to a large extent and not a scientifically proved principle. It is a 
conceptual scheme adopted to explain the facts of nature. 

As mentioned earlier, the Greek atomism was propounded by 
Leucippus in fifth century B.C. and his disciple Democritus. 
The Atoma named by Democritus for atom refers to a substance which 
is not divisible. Empedoclus (5th century. B.C.) claimed that matter can 
be divided into four elements as fire, earth, air and water (Vide Samuel 
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Glasstone: Source Book on Atomic Energy, London, p. 3). Scholars like 
Aristotle accepted the existence of atoms. John Dalton is accepted as 
spokesman of modern atomic principles. In New Systems of Chemical 
Philosophy, published in 1808, he suggests atom as the unit of chemical 
structure. But he uses the word atom and molecule synonymously. 

It is interesting to analyse the decline of Indian theories of atomism 
and the development of Western studies. Our systems of philosophy 
became metaphysical and all systems in later period accepted the 
existence of God and nobody could think of anything over and above 
the God. But Ayurveda and Mathematics found their way to growth. It 
is possible that there was no other go but accepting the Indian systems 
of medicine which in its turn, necessitated the acceptance of the belief 
in God and so on. Moreover, Mathematics also was accepted as a 
branch of science, not against the theistic views, but as it helped the 
development of astrology which was blindly welcomed by the rulers 
and society of India. But other branches of science were neglected, 
not even neglected, but were suppressed since they made it a point to 
reflect the reality of things as they are, which at times went to the 
extent of questioning the very essence of the concept of Tsvara. This 
was unfortunately resulted in our ultimate loss - the loss of the role as 
the pioneers of scientific thought. 
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| Sources of Energy - 

Some Vedic Concepts 

1 

1 P. C. Muraleemadhavan 

‘Energy’ and ‘matter’ are two basic concepts of science. 

Modern scientific studies proved that energy is the root cause of 
' ‘matter’. This has a striking resemblance with the concepts of 

! ‘Brahman’ and ‘jagat’ in Vedanta since the Brahman is the cause of 

i ‘jagat’. Recent studies in quantum Physics provide some vital 

! inferences in the matter of the identity of both. 

Vedic texts do possess much information on science, 
j Semantically Vedic texts are multilayered. The scientific ideas are 

j hidden in some of the layers and they could be extractecd only through 

| some linguistic devices. 

I Logic is the pivot of all scientific advancements. Nyaya system 

enjoys the highest position in scientific thinking as the pramanasastra 
or the tarkavidya , creditably for the reason that it has systematised 
epistemology and its approach very logical. Vaisesika with its stress 
on ontology is clubbed with Nyaya to form the samana system - twin 
system . Pramana, regarded as a means leading to veridical knowledge, 
j is in consonance with the present day scientific approach where proof 

is required and sought for, in order to arrive at any conclusion. The 
classification of entities into seven is conceptually logical and scientific. 
The methodology of approaching and analysing the subject in the 
! characteristic of purvapaksa and siddhantapaksa, the primaface view 

j and the establishment of theory, even if appearing as hypothetical in 

j 

j 

j 

i 

! 
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the beginning, is indeed scientific. 

Though the widely discussed content of the Vedas is spiritul in 
nature, they contain plenty of information about the temporal world, 
within the broad description of yafija, moksa etc. Many basic concepts 
of modern mathemetics, physics, chemistry, life science, astronomy, 
aeronotics etc. in addition to ayurveda and sthapatyaveda were 
discussed. A sincere effort has to be made to identify explicitly and 
implicitly, the scientific contents embedded in the Vedic texts. 

Here I would like to point out some references mainly from Rgveda 
(RV), revealing the insights of Vedic seers on sources of 
‘energy.’ 

/?V / deals in plenty, the subject matter ‘energy’. It is said by Vedic 
seers that wise men kindled energy and force for the use of common 
man. According to Vedic Rsis energy possesses different forms and 
names. At different places and various contexts, RV gives different names 
of energy like force, might, power and strength. j 

Seers in RV discuss the sources of energy in different mandalas 
or books in different manner. In their opinion fire is the main source of 
energy, hence fire is addressed as urjampati - the lord of Energy. 

3T 14' s-hoi} Cffj- TTtr f 

M 14 <rMi| (d.^.x) j 

The relation between fire and energy is qualified as the relation 
between father and son. The very first hymn in RV starts with Agni 
(fire), the father of energy. | 

It is not simply because of the spiritual importance of Agni that it is ; 

extoled in high esteem as seen in Vedic rituals. Agni is the main source of j 

energy for wordly life. One seer says that Agni is powerful and pregnant 
with energy and it is covered on all sides by light and lusture. It shines | 

brightly and cuts like axe. Several instances are quoted in /?Vto prove that ! 

fire energy was used by Vedic people for cutting, welding etc. j 

TT % rjP fcJx>q-.nq| | j 

(1 .1 27.3) j 


Sources of Energy - Some Vedic Concepts 

In RV 20.15.9 starts with 3T 3T? -T9T?T etc. the Rsi states 
categorically that fire as the main source of energy provides security 
for long life. For achieving happiness, valour, amenities and long life, 
one has to depend upon Agni, the fountain head of energy. Ttsft 44lcl 
<xfl M •kfd 4-M W ^TFfl EH wl^lH cTTT 

3TF(7 5T71T ^TRIT I (20.1 5.8) 

Fire is highly potential, hence it is called jatavedas. Based on some 
semantic layers, it can be seen that mostly all the epithets of Agni in 
Vedic literature suggests its pregnancy of energy. 

Because of the close connection of cause and effect, the words 
Agni and energy are used as synonyms by Vedic seeers. 

The sources of energy are many. In RV, the hymn, 2.1 .1 , 

cTJF#! H I fb | I 

c^T cI#«TT qpTT 9^ ^19^ I I 

speaks of different sources of energy visualised by Vedic seers. Water, 
stones, woods, herbs etc. are some of them. Under some 
scientific process the energy is said to be extracted from water. 

In mantra 1.70.2 a statemenet is seen that both movables and 
immovables bear fire. Waters, forests, mountains are pregnant with 
this energy: 

mft 3T4T 4HMi TSTRli 3T^- 

f^r^wr ^tt wytr i 

Fire as energy and power was used for various purposes in a home. 
It is a power to be handled very intelligentlly, lest it might prove harmful. 

Vedic Rsis in general believed that fire from water is very much 
powerful. In one of the mantras it is depicted that the fire can be joined 
on the slopes of mountains and they are mighty impelling forces. This 
fire energy was used to make things move, to make them take a speed. 
It is stated that fire energy has stimulated the revolving abilities and 
propelled everything. Fire energy extracted from water was used in 
battlefields to destroy enemies. Fire energy is highly distructive hence 
we come across in Vedic mantras often the prayer- oh! fire! destroy 
our enemies in wars [RV 8.39.8) For the generation of the fire energy 
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from waters, some kind of wall or bridge constructions and formation 
of reservoirs are mentioned in RV: 

R "Tf Th-M TTFJ'J R M^4 cRT Rp I 

cd'HIM : d4RTTPRT% I I 

This gives some strong inference that waters from sea, rivers and 
reservoirs were brought into some comparatively limited pools for 
enkindling the fire energy (RV 1 .23.23) 

To extract the energy or power Vedic people used to churn waters 
with the help of deviated winds. Thus it is said: 

xpr TRTT *ncfft 9 JT qTTERTt bft I I ( RV.3.9.5 ) 

This method of extracting energy is being mentioned in several 
contexts in RV. Atharvaveda says: 

qiWT RtJ TORTT •HlclTT dlRpR I 
m Tif^T Rf a 3tttt 3t whn rrt i i 

(1.33.1) 

Sun is also referred as a source of energy in RV. So they tried for 
the energy in the space. The seers have stated that the energy obtained 
from sun is not different from that which was obtained from plants, 
waters etc. Sun rays and heat collected from the wide space are 
instrumental in taking out the energy from waters. 

Two different ways of extracting energy can be found in the matter 
of sun. The solar energy directly from rays and the energy from water 
with the help of solar rays and heat. 

The extraction of energy from river waters is depicted in RV at 
several contexts like 2.35.3, 4, 9, 12 etc. Rivers mix in one another, 
and while mixing, the waters whirl with speed. Waters are flowing 
turbulantly. Energy is created in this process. The seers say that the fire 
is surrounded on all sides by the turbulant waters. The waves of waters 
brushing, hitting and clearing the fire. Rsi says that the fire is shining 
without fuel and this fire is covered with vidyut (electricity): 

3Tqj TOTRT ftrFRRyff fcTJJci WRT I 


Sources of Energy - Some Vedic Concepts 

Rsi is keen in explaining the fire energy, that this energy can be 
touched or lifted by wooden handles (bad conductors): You cannot 
touch it by naked hands or any other conductors of heat and electricity. 
From all these illustrations, some strong inference may come in our 
mind that the energy mentioned in Vedic texts is something like 
electricity of modern times. 

RV in one context states that the wind made his ten wives to give 
birth to fire energy. As in the case of sun, the wind also directly produces 
energy and also is instrumental for extraction of energy from waters. 
The process was of whirling the waters as is done in taking out butter. 

The creepers, plants and herbs produce energy. One Rsi says that 
■fire and heat are one and the same, since the whole of the herb is full 
of fire: 

r rnrf cttRit 3]f^TT (W 2. 1.14) 

3d Midi' dHd-d RR 'HddPd: I 

r 3]14tt (/?V2.1.1)° 

It is said that the creepers are in sleeping position on earth when 
they deliver fire. Kalidasa in Kumarasambhava depicts one nipa tree 
releasing heat in the night by absorbing heat of sun at day time. Again 
in Raghuvamsa a plant named tmajyoti shedding light in the night is 
described thus: 

TlfTT v-idHVti'-'Td Rl) I 

rf cW to Rii^RWrTT 1 1 

Mallinatha in his commentary on this verse says that this herb 
burns at night: ^'d-odlRUiddl cTOT, TTT % TTOf odddltcf d 

References can be seen in Kalidasa again in Raghuvamsa 
(9.70) (-jci T oi d - h k-m i cf ) and in Kumaraambhava (TTfttTdT 
u-ttiftmnH'JTRT:). In Meghaduta in more than one context the emitting of 
light by precious stones are depicted. 

There are several references in RV of a peculiar energy extracted 
from wind, by making it pass through some hillocks. The wind blows 
with increasing velocity. Energy produced thus was used as power for 
generators or mills. 
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The sources of energy referred in Rgvedic hymns, as said earlier, 
are many. They deserve serious study in the light of modern science. It 
is clear beyond doubt that the Vedic society used such varieties of 
energy in their day-to-day life. 

Among sources of energy fire, water, sun, wind, trees, herbs, plants 
and stones can be seen. Among them fire, water, sun and wind play an 
important role. They produce separately and jointly. Mostly all these 
sources are extracted by the modern science for production of energy. 
This is not merely something accidental. Some serious study in the 
field is required, especially in a context when India faces an acute 
paucity of energy. 
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Indigenous Knowledge Base of 
Traditional Architecture of Kerala 

A. Achyuthan and Balagopal T.S. Prabhu 

The archeological monuments, the vernacular and Sanskrit texts 
and the hereditary skill of traditional craftsmen formed the three sub- 
systems of the indigenous knowledge of the traditional 
architecture (vastuvidya) of Kerala.Their synthesis resulted in making 
this knowledge base a living heritage. Out of these, the most vibrant 
element in Kerala was the tradition of craftsmen, of which the timber 
craft attained a dominant role in building construction. The 
technological base of vastuvidya is contributed by the flexibility, 
perfection and variety of techniques of construction in timber. Canons 
and practices, developed for planting trees in appropriate locations, 
their selection and extraction for construction, shaping, polishing and 
assembling the timber scantlings into load bearing and load transferring 
structures as wel I as decorative and protective elements reached a level 
of perfection. Strategies to incorporate this knowledge base in 
construction will enrich the technology, economy and overall quality 
of building industry in Kerala. 

1. Introduction 

Taccusastra, the building craft, originated with the attempt of man 
to settle down and build artifacts to make the settled life convenient 
and safe. Its origin can be traced to all ancient cultures. But it is only in 
India, that it evolved continuously and spread through hereditary 
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tradition over the length and breadth of this vast peninsula. The building ! 

craft was modified to suit the regional variation. Over a time, these 
regional styles got canonised and came to be preserved as textual 
material among the practitioners, in regions subjected to cultural 
changes brought through earlier invasions or destruction through natural 
disasters, the traditions tended to disappear into obscurity. However, 
in areas which were relatively not affected by such devastating havocs, 
the craft knowledge retained its indigenous character, evolved to greater 
perfection and even transcended to the levels of a design theory and 
philosophy. Kerala is one such region where the indigenous knowledge 
base blossomed to the higher level of building science designated as 
vastuvidya.The vitality of this knowledge base continues to be at the 
realm of the operational level of the building craftsmen. 

2. The Pancakammalar 

The five basic schemes in the building crafts are those of (i) iron 
smithy, (ii) metal work, (iii) gold smithy, (iv) stone work and 
(v) timber work. The guilds of these five streams evolved as social groups 
of ‘aihkudi kammalar’ or ‘panca kammalar’. They were associated in j 

varying degrees of participation in all aspects of 
development works related to community sustenance viz. agriculture, 
construction work and transportation. For example, the blacksmiths 
provided the implements and tools for all work operations. In the context 
of building artefacts, their contribution covered making of implements 
such as cutting axes, saws, chisels, drills, planers and fasteners. The j 

perfection of their work could be seen in the large range of chisels and 
other tools used by timber workers. The indigenous knowledge of black 
smiths covered the metallurgical science of ferreous metals and the 
technology of annealing, tempering, case hardening etc. 

The metal workers developed indigenous technology for using 
metals like copper and zinc and alloys like brass and bronze. Their 
work covered forming or casting of utensils, lamps and icons. In the 
building construction, the craft reached the level of perfection in forming 
and covering of coppersheet roof frames and casting of brass and bronze 


fastenings. The casting of complex forms with or without wax, grinding 
and surface finishing including that of metallic mirror is a unique craft 
side of metal worker, the indigenous base of which needs study and 
preservation today. The important role of goldsmiths is in the 
development of techniques in using precious metals like copper, silver, 
gold and their alloys. The properties of ductility and malleability of 
metals were effectively used for creating not only ornaments, but also 
filigree works, inlaying works, thin sheets, metal plating etc., all of 
which were employed in construction and decorative works. The 
precision and perfection required for such fine works gave gold workers 
a higher status in the heirarchy of artisans. 

The Laterite Stone Masonry 

The load-bearing and supporting system of the buildings 
comprised mainly of stones and timber and hence the role of stone 
worker and timber worker became significant and critical in the 
evolution of building technology. The selection of stone-quarries, 
choosing the appropriate type of stones, the dressing and jointing the 
stones, finishing the surface of stone masonry by plastering etc, formed 
the basic crafts of the stone workers. There are three components of 
stone working. The first relates to the technological properties of natural 
stones and their apt use. The vast laterite formation of Kerala was 
effectively used to obtain building blocks having unique characteristics 
of easy quarrying and dressing on the one hand and hardening on 
exposure to atmospheric air on the other. The blocks could easily be 
quarried and dressed while they were fresh. The second related to 
their use in construction. They could be assembled in a simple trabeated 
system or could be effectively, incorporated in corbelled arch 
construction. The latter was perfected in ‘kadalikarana’ method of 
forming stable roof for the shrines. It could be incorporated in masonry 
work with laterite quarry dust or in lime mortar. This becomes the 
third component. Experiments lead to the development of surkhi mortars 
with sand, laterite dust and lime, in the first stage. Development of 
tempered mortars using admixture of herbal juices and tree secretions 
was a notable achievement in obtaining strong, smooth and crack- 
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resistant mortar. In a method of forming huge icons, specially prepared 
composite mortars (katusarkarayoga) were applied on a frame work of 
shrub wood. Further a mortar of 8 components was also developed to 
fix stone to stone as an adhesive (astabandha). The indigenous 
knowledge of stone masons is getting lost by in the modern construction 
and needs strategies for preservation. 

Architecture in Timber 

The perfection of the building craft reached its pinnacle in the 
timber work. The timber worker preserved the knowledge base of the 
properties of large species of trees and their appropriate use under 
tension, compression, flexure, shear and bearing. Techniques for felling, 
seasouring, shaping, joining and preservative treatment were developed 
using indigenous materials and techniques. The importance of these 
was emphasised through rituals at different stages of operations. Timber 
was used as the base of well steining, walling of sacred structures and 
cladding for buildings. Doors, windows and other openings were 
developed indigenously combining safety, function and aesthetics. The 
structural use of timber found expression in column, beam, ceiling, 
attic and roof framing. Essential traditional Kerala architecture is 
architecture in timber. 

This aspect is best illustrated in the timber wall construction and 
roof framing. The space enclosure by timber walling called “ ara and 
nira ”, is a traditional method resembling the modern stud wall 
construction with the difference that it has a structural frame along the 
edges and diaphragm wal I of decorated timber planks. The lower frame 
could be fixed to the basement while the upper frame was integrated 
to the roof construction. This unique technique was used for the storage 
rooms, the core house or even for the whole construction. In rare cases, 
it was adopted even for temples. 

The timber roof frame evolved in Kerala is space-frame with six 
basic elements - wall plate, ridge, rafter, collar, pin and eave reaper 
(saddaruka). For large span structures additional purlins (arudhottara) 
supported on inclined struts ( viskambha) were adopted to retain the 
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strength and form of the roof. For theater, diagonal bracing similar to 
the modern “lameila” construction was incorporated with roof frame. 
The speciality of the timber frames w-as that it could be assembled on 
the wall plate. It could be dismantled and reassembled if needed at the 
same site or elsewhere in case of relocation. The system is well adapted 
to prefabrication. 

Decorative treatment of timber was integral to the structural 
system. The points of load transfer, the joining of members etc. 
became natural locations for decorative treatments. The decorative 
treatment of columns included pedestals, shafts, capitals and 
brackets. The ceiling incorporated waffle treatments, sculptural 
oranments and painting. The gable ends were projecting over the hipped 
roof as well as on the side, providing a characteristic feature of the 
timber architecture of Kerala. 

The refinement of roof construction indirectly decided the shape 
and sizeofthe building. The wood workers thus had the two additional 
functions viz. (i) providing the basic measurements for the building 
and layout of areas and (ii) ensuring the compliance of this layout right 
from the foundation laying. The master craftsman (acarya - asarUthus 
became the de facto planner and designer as well. His services were 
sought for site selection, site layout, the foundation stone laying and 
every such stage of decision making in a building operation. This 
necessitated the widening and deepening of his knowledge to the 
niceties of design theory. Owing to this ali important role of the wood 
craftsman (taksaka) the indigenous knowledge of building craft come 
to be designated as “taksakasastra” or “Taccusastra” in this region. 
Design Grammar for Plans and Designs 

Design in its broadest sense involves obtaining the best solution 
by decision making under a variety of constraints. The tropical weather 
with its heavy rain fall, high humidity and intense solar insolation 
necessitated protection of buildings from the effects of the elements. 
Heavy rainfall warranted sloping roof and high basements. Humidity 
necessitated ample air flow and hence an open system of planning, 
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staggered layout and design with thorough ventilation. The protection 
from solar radiation warranted low walls and large projecting eaves. 

The consideration that house is a basic necessity was accepted by 
the society. Hence the plan was to be made simple as a rectangle. 
Economic considerations fixed the shape efficiency of rectangular 
shapes when more rooms were added to the core. The dimensional 
system was thus made modular and standardised. The proportion of 
width to lenght of the rectangular houses was limited to 1 : 3 to get a 
space efficiency of 0.66 in the floor area covered by unit perimeter. 

The dimensional system was evolved from the anthropometric measure 
of span (vyama) into a scale of ‘hasta’ and ‘angula’. The module for 
measurement was 1 pada, the octal division of vyama. The 
standardisation of rooms was effected by determining acceptable widths 
and perimeters. The dimensions of building in different orientations 
were normalised by the concept of yoni. There are rules for fixing the 
position of houses in a plot and also for entry to the plot. In short, the 
process of site planning and building design followed an algorithm 
and logic flow. 

Harmonising the Building with Environment 

The house was always treated as part of the living environment 
and as such, every effort was made to harmonise the artefact with its 
surroundings. Right in the selection of site for building, the three 
determinants are favourable terrain (sthala), hydrological (jala) and 
biotic (vrksa) qualities (gunas). Rules for determining them were evolved. 

In the house layout, these three elements were given due 
importance by earmarking specific locations for groves, water bodies 
and trees. Canons were laid for the location of specific variety of trees 
and their distance from the building. These prescriptions appear to ; 

have been based on the flow/obstruction to the wind, solar radiation, 
beneficial effects of fruit bearing, flowering and medicinal use, foliage, j 

root-spread, strength etc. of each variety of tree. For example the 1 
tamarind tree having good strength, foliage and useful fruits is prescribed \ 

for the SE location because it gives shades in summer and allows sunlight j 


in autumn and winter by shedding leaves. 

Strategies for Preserving the Knowledge Base 

Ingenious knowledge in vastuvidya is linked to many areas such 
as geography, hydrology, biology, astronomy, material science, 
engineering, crafts and arts. This link tends to become obscure and 
needs to be enquired and disseminated. The strategy proposed for this 
is given below: 

1 . The need for research and study for vastuvidya is to be recognised 
and facilities shall be created for them at the University level. 

2. There are several institutions engaged in research in vastuvidya. 
These should be recognised as approved research centres by the 
Universities for the purpose of registration for M.Phil and Ph. D degrees. 

3. The role of craftsmen in preserving the indigenous knowledge 
in vastuvidya with its dynamism and purity is to be recognised and 
facilities to bring them into the mainstream of technological education 
shall be created. The knowledge base at this level is not well 
documented because it is transmitted orally from the master to the 
trainees. Since the oral tradition is vanishing, this knowledge base which 
is the vibrant and most significant part of Vastuvidya is becoming 
obscure. An elaborate project to study this base and document it should 
be set into motion urgently. Such projects should get sufficient funding 
from Government and other agencies. 

4. Efforts shall be made to educate the public regarding the 
relevance of indigenous knowledge of house building through 
non-formal edcuation by Government and voluntary agencies. For this 
awareness courses should be conducted. 

5. Documentation on the crafts should be encouraged by giving 
financial help for publications. 
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A Survey of Works Relating to 
Kerala Architecture 

S. A. S. Sarma 
General Introduction 

It is a matter of common knowledge that Sanskrit in addition to its 
well known and vast literature on poetry, drama, religion and 
philosophy, has a vast store of writings on technical subjects like 
astronomy, medicine, architecture, music, dance, law, polity and even 
horticulture and cosmetics. But while a good amount of the first part of 
the literature had seen the light, a lot of information still remains in 
manuscripts on the technical literature, which needs attention. 

The Sanskrit literature dealing with architecture and iconography 
is voluminous and in addition to that, it is matched by a vernacular 
literature only known in the regions where it is produced. 

An idea of advances reached during the Vedic times itself, in 
different disciplines can be visualised if one is aware of the several 
technical and semi-technical professions practiced during those days 
as mentioned in different contexts in Vedic literature. Among these 
professions are those of the carpenter [taksan, Rgveda {RV) 9.1 12.1] smith 
{karmakara, {RV) 10.72.2), one who smelted metal in fire (dhumatf, 
Atharvaveda 3.5.6), plough-man (krsti {RV) 1 .1 77.4; 4.1 7.5) etc. 

Kerala has had, from early times, a continuous and comparatively 
rich tradition of scientific and technical advances, as evidenced by the 
volume of literature on these disciplines presently available to us, mostly 
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in the form of palm leaf manuscripts. Kerala, a land of temples, has 
produced a good amount of technical literature, especially on 
architecture and astronomy. There is no doubt that the architects of 
Kerala were well learned in the field of vastusastra and gifted with this 
art, such as the famous Uliyannur Peruntaccan. 

Tradition in Kerala architecture 

There are four sorts of builders mentioned in the texts on 
architecture: Sthapati, Sutra grab in, Vardhaki and Taksaka. The Sthapati 
should be fit to direct or instruct the construction and should be well- 
versed in all the traditional lores and must have crossed the ocean of 
the science of architecture. Sutragrahin is the disciple or the son of the 
architect who follows the directions of the latter. He must be equipped 
with the knowledge to make the rod and the rope fly and also should 
know how to measure length, height and proportions like horizontal 
and vertical. The Taksaka is so called because he cuts of portions of 
stone, wood, bricks. He should be an expert in working in clay - a 
molder. The Vardhaki assembles and correctly erects the pieces cut by 
the Taksaka. He works under the Sutragrahin .' 

Uliyannur Peruntaccan, the schools of Ramanallur, TamaranellOr 2 
are some of the known artisans of Kerala. The family of Kanippayur 
should be mentioned here towards their contribution in the field. Their 
publications on the subject of Kerala architecture, with the translation 
in Malayalam should be noted in this regard. The Tantrasamuccaya, 
Manusyalayacandrika, Grhanirmanapaddhati, Kettitahgal, SUpabhasa 
etc. are some of their well known titles. Recently this family had started 
a Research Institute in Kunnankulam to encourage the study on Kerala 
Tantra and Vastuvidya. The Tantravidyapitha of Aluva is also to be 
pointed out here. 

Sanskrit Texts on Kerala architecture 
Pta yogamanjarT {PM) of Ravi 3 

PM written by a Namputiri brahmin Ravi could be one of the 
earlier text among the tantric texts produced in Kerala. His date has 


been assigned between 10 th and 1 1 th century A. D. 4 The work is also 
known as Saivagamasidhantasara. The author gives the intention of 
the work, in the following stanza. 

durjueyani bahuni mandamatibhis tantrani gaurTpater 
udgirnani mukhambujad avikalds tv ekatra tesaii kriyah / 
noktds tena sivagcimaiis ca sakalan udvlksya tas tah kriyah 
saiiksipya pravadami ydsca vihita lingapratisthavidhau // 

Many Tantras preached by the lotus face of Siva are hardly 
understandable by the dull-witted. Also their practices are not said in a 
place in their entirety. Therefore having consulted all the Sivagama 
texts, I shall teach in brief various rites as well as those found prescribed 
in the texts on the consecration of Lihga. 

The text is divided into 21 patalas on different topics, among which 
certain patalas are devoted to subjects relating to temple construction. 
The second pataia begins with the following verse: 

acaryah sivamandiraii sukusalaih sauprarthitaii karayet 
kart a silpibhiradarena vidhivacchastroktamarganvitam / 
purvaii tatra pariksya bhumimasakrt krstdii tu tail rodhayet 
saiiksepena vadami laksanamahaii bhumesca sastroditam // 
The Acarya, the performer (of the examination) will get 
constructed the required temple of Siva by skilled artisans with devotion 
following the methods prescribed in the scriptures (of architecture). 
First of all, after examining the ploughed land many times, he will get 
it fenced. I will say briefly the qualities of the land prescribed in the 
scriptures (in detail). 

It gives in detail the qualities of the land required for the 
construction and the purification for the same. In the third pataia it 
deals with the vastuyaga to be performed before the construction and 
gives the story of the Vastupuru a. Then in the following patalas it 
deals with the istakanyasa , garbhadhana, prasadalaksana, silalaksana, 
l /riga laksana, diksa, ahkurarpana, ja!adhivasana / raksoghnahoma. 
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Lirigasuddhi, pratistha, paramesvarapuja, caturthadivasasnapana, 
utsava, tirthasnanavidhi, snapana and jirnoddharavidhi. 

The Pradyota, a detailed commentary on PM, of Trivikrma (1 5th 
A. D.), son of Narayana is of great value in understanding the PM 
properly. The authoritativeness of the PM can be noticed from references 
to it in the later works like IGP. The Pradyota are still in manuscript 
form and an edition of the same is a desideratum. 

Mayamata 5 

Along with the Manasara the Mayamata forms one of the earliest 
works exclusively devoted to Indian architecture. 6 It is assumed that 
the work could have been produced between the 1 1th and 1 2th century 
A. D. In 36 chapters, containing about 3000 verses, the work deals, in 
detail, with various aspects of architecture, including house-building, 
construction of villages, planning of palaces, towns and cities, laying 
of roads, construction of vehicles and furniture and the installation of 
images of deities in temples. As such, it forms a comprehensive treatise 
on the subject. 

Dagens, who had brought out the critical edition of the text, 
observes that the Mayamata occupies a fairly well defined place. It is 
a general treatise, a vastusastra, written in Sanskrit but originating from 
Dravidian India, most probably from the Tamil area; it is part of the 
aivite agamic literature without the connection being underlined by 
any pronounced sectarianism and its drafting must have been done 
during the Cola period, at the time when the architecture it describes 
had reached the peak of its maturity. 7 

Regarding the place of the work there is little doubt that Mayamata, 
has been composed in Tamilnadu or Kerala as attested by several 
considerations, such as its popularity with the local indigenous 
architects ( Sthapati-s ), the availability of its manuscripts only in South 
India in South Indian scripts, the geographical latitude as worked out 
from the section on Apacchaya (ch. 6) being 1 1 North, which falls in 
Tamilnadu and Kerala and, last but not least, the occurrence of Tamil 
and Malayalam words in the verses. 8 In any case the South Indian 
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origin of the text cannot be questioned. 

The Mayamata has been used as an authority in many works, 
such as the Isanagurudevapaddhatt , which quotes it extensively when 
dealing with architecture, and in the Sitparatna, whose author has 
borrowed heavily from it. The Kamikagama the most famous saivagama 
text devotes its first part ( purvakamikagama ) mainly to architecture and 
one could see many common verses, and sometimes even entire 
passages, which are to be found in the Mayamata. However it is difficult 
to find evidence of the direction of borrowing. 

One could very well include this text in the aivasiddhZnta texts 
as it gives a leading place to the iva temples and because of the 
speculations on the nature of the Li ga which it contains and the 
pantheon described in chapter 36 of the text. The text stands as a rare 
and fairly good example of a mediaeval technical text, which could be 
used as a reference work on Indian architecture of its period and place. 

Tsanagurude vapaddhati (IG P) 

The IGP also known as Tantrapaddhati is an elaborate treatise 
dealing with different aspects of T antra, including the construction of 
the temple and related matters, by Tsanagurudeva (1 1th A. D.) 9 . The 
work consists of nearly 1 8000 stanzas in various meters and distributed 
into a total of 1 1 9 pata/as of varying length. 10 The work is divided into 
four parts namely (i) Samanyapada (ii) Mantrapada (iii) Kriyapada and 
(iv) Yogapada. I he subject dealt with include the hymns on the various 
deities , Japa) Homa and other religious rites to be carried out to please 
them and derive benefits; the means of their attainment; their application 
for averting the evil effects of poison; malicious plants and diseases; 
the use of medicines; the properties of medicinal herbs; the science of 
magic; the construction of temples; consecrations of idols; modes of 
worship; details of festivals and other allied topics.” 

In the Kriyapada pata/as 23 rd to 43 deal with the construction of 
the temple and idols. This includes the selection of the land, the 
orientation (dikpariccheda), the measurements, the location of the 
temple, vastupuja, the description and enumeration of the residences 
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of gods and men, the classification of the temples, description of the 
different parts of the temple, the materials for the construction of temples 
and palaces, selection of the architect, renovation, different types of 
idols and their measurements etc. 

It has been argued by several scholars 12 that the Tsanagurudeva 
belongs to Kerala on the ground that the occurrence of the word 
‘ timila M3 and its reference to the Narayaniya 14 and Prayogamanjan. It 
could be added here that the enormous quotations and the references 
given from Mayamata make the view stronger. It is to be noted that 
many of the early Saivasiddhantas (upto 1157 A.D., the floruit of 
Aghorasiva ) when they quote a Maya, they refer not to the Mayamata 
but to a different treatise called the Mayasahgraha. I CP, however, while 
it quotes several saiddhantikas in different parts of the text refers to the 
Mayamata and not the Mayasa graha as in other saivasiddhanta texts 
of other parts of India. So if we could agree the authorship of Mayamata 
to a Keralite as N. P. Unni states. The Mayamata attributed to Maya, 
the celestial architect was popular in Kerala and formed a source book 
on architecture for many Kerala writers like Nilakantha the author of 
Manusya/ayacandrika. It is possible that some Kerala authors might 
have composed the work ascribing it to the celestial architect, 15 then 
this provides one more argument for assuring the IGP to have been 
written in Kerala. 

It is very much needed a critical edition of this text 16 and its 
translation to enable one to know more about the Kerala Tantra school- 

Tantrasamucca ya 17 

Narayana (born A. D. 1428), 18 a Namboodiri brahmin of the 
Cennas family in Kerala, and who flourished as one of the 'eighteen 
and a half’ ( patinettarakkavikaj) poets in the court of the Zamorins of 
Calicut during the fifteenth century, is the author of this work on Kerala 
Tantra. The Tantrasamuccaya, an elaborate treatise in twelve patalas, 
is a standard work on temple architecture and worship, widely popular 
in Kerala. It deals with the rituals connected with seven important 
deities, viz. Visnu, Siva, Sankaranarayana, Durga, Subramanya, 
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Ganapati and Sasta. The subjects related to architecture are given in 
patalas one (the selection of the site for the construction of the temple, 
vastubali, the depositing ceremony of the Nidhikalasa , laying of the 
bricks, the placing of the foundation stones and the selection of suitable 
granite for the construction), patala two (characteristics of the temple, 
its measurements, the details of the construction, the characteristics of 
the idol and its seat, types of idols and its measurements, ba/ipithas - 
the oblation stones and the measurements of the five fold fortifications), 
patala three (purification of the site, sowing of the seeds in the site to 
test its fertility, preparation of the idol etc.) and patala six (the installation 
of the Mahabalipitha and the flag staff). 

There are two commentaries on this treatise, viz. the Vimarsini of 
Sankara and the Vivarana of Narayanasisya. 

The study by N. V. Mallayya Studies in Sanskrit Texts on Temple 
Architecture with special reference to the Tantrasamuccaya (Annamalai 
University, 1 949) is noteworthy here. In the first part of his study the 
author gives a general introduction to the subject of Indian architecture. 
Part two contains the stanzas from the TS bearing on temple architecture 
with a rendering in English. Part three gives the critical and expository 
notes and discussions on the subject of architecture and the 
interpretations of architectural terminology. 

Devalayacandrika 

Narayana (1428 A. D), of the Cennas family in Kerala, is well 
known by his master work the Tantrasamuccaya. His one more work 
the Manusya/ayacandrika on the construction of human residences 
also is well known. But there is a third one too ascribed to him named 
the Devalauacandrika. As in the the case of Manusyalayacandrika , 
the author does not give any details about him in the work. The work 
should be assigned to him on the basis of the evidences available in 
the detailed Malayalam commentary on the text. 19 

Manuscripts of the text are yet to be discovered. The above- 
mentioned commentary contains a few verses of the text and also several 
verses can be identified by the introductory sentence prefixed to its 
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commentary. The subject dealt with in the Devalauacandrika is the 
construction of temples and images of gods for worship. After the 
introductory verse, instructions are given for the selection of a proper 
site for the temple (vv. 2-6). The selected spot is then measured and 
consecrated (7-9). Detailed instructions follow for the actual building 
(lOff.) The outer walls, pillars, sanctum sanctorum, drain, doorways, 
decorations on the walls, etc., roofing, spires, halls, etc. are dealt with 
one after the other. The manuscript ends abruptly with verse 1 71 , the 
last subject treated being the sivalihga. 20 Credit goes to K. V. Sarma, 
who brought out this information towards the scholars through his 
article The Deva/ayacandrika published in the Adyar Library Bulletin 
(vol. 25, 1961, pp. 582-586). 

Manusyalayacandrika of Cennas 

Narayana, the author of Tantrasamuccaya, has written this text on 
domestic architecture. It is also known as Manavavastulaksanam. An a 
nonymous commentator 21 of this work explains that the author has 
composed this text extracting appropriate verses from his 
Tantrasamuccaya and adding forty-four fresh verses to suit the subject 
treated. In the work itself, the Tantrasamuccaya verses are incorporated 
as an integral portion and not as extraneous quotations. 

Some of the topics dealt with in this text 22 are the qualifications of 
the land, orientation, vithika/pana, vastumandala , grhalaksana , the 
height of the buildings, measurements, different types of dwellings, 
the special features of the palace etc. As a work of a great author of 
Kerala, the work needs to be critically edited and translated. 

Manusyalayacandrika of Nllakantha 23 

This is a well-known work written by Ni lakantha of Tiruma gala, 
who flourished after the period of the Tantrasamuccaya, ie. after the 
early 15th century A. D. The work is used as a reference manual by 
traditional carpenters of Kerala. There are seven chapters in this text 
and each chapter contains twenty to fifty verses in different metres, 
altogether 225 verses. In verses seven and eight of the first chapter he 
lists a number of texts he had consulted to compile his work. 24 Among 
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these he uses the term Mayamatayugalam. As Ullur says ‘even though 
the author mentions two Mayamatas, only one Mayamata is known to 
us’. I would like to bring your attention towards a work called 
Mayasahgraha in this regard. 

The Mayasahgraha 25 (sometimes simply the Maya, e.g. 
Tantralokaviveka ad 28:1 51 -6b) is to be distinguished from the 
published Mayamata. From the opening prose of the commentary it is 
evident that it is a tantric work in which the same Maya, architect of 
the asuras, instructs sages in what he was himself taught by Svayambhu, 
on the top of the Himavat mountain. Sanderson of the Oxford University 
has been able to identify a number of early quotations of the work in 
the sole surviving incomplete palm-leaf manuscript of the Mayasahgraha 
in Kathmandu (National Archives of Kathmandu, Ms No.1 -1 537). Maya 
is cited as an authority by Narayanakantha in the Mrgendravrtti on the 
Kriyapada (pp. 31, 69, 74, 81 etc.).; by Ksemaraja ad Stavacintamani 
(87, p.96); by Jayaratha in the Tantralokaviveka (ad 8:32c-35b); by 
Bhattotpala (ad Brhatsamhita 52:41); by Hemadri in the Vratakhanda 
of his Caturvargacintamani (Vol. II, Part I, p. 1 38); and by Somasambhu 
(Karmakanc/aramavali 1278-1299). References in the JGP, however 
are to the later Mayamata. It is likely that Nilakantha may have been 
referring this ancient work on architecture. 

MC deals with the boundaries of a compound, the site for house 
building, the length and breadth of a house, different types of hal Is, the 
courtyard, the height of the basement, the pillars, the rafters, the 
underground cellar, cowsheds, the bath room, the kitchen, the rest 
house all these are discussed in great detail. The methods of fixing 
rafters, arranging tiles on the roofing, placing door frames and window 
frames, are among other matters dealt with briefly and clearly. 
Expositions on the village, town and city testify to the deep knowledge 
and wide experience of the author. 

MC also contains the directions regarding the base to be made for 
the pillar to rest upon. It could be either in granite or in wood and be 
a square, a circle, or one with 8 or even 1 6 facets. One shape in which 
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it could be made is that of the petals of the lotus flower. It should 
necessarily be built on the floor of the house. Planting the pillar on the 
base, the girth and height on the pillars, their salient features, methods 
for ornamentation - all these are minutely described in the relevant 
portion of the treatise. 

It gives expositions of the methods of constructing houses and 
their annexes succinctly and clearly. In the passage on land suitable 
for house building he specifies some trees, the planting of which are 
believed to bring fortune and misfortune to the family. 

The work concludes with a benediction to the house builder with 
the words ‘may he live long and happily in his new home! 26 

Like other texts on this subject, MC too contains valuable 
information on measurements. One example is the Arigula which, in 
MC is as follows: 

Width of 8 seeds of 

sescimum plant = 1 yavodaram 

8 yavodaram = 1 matrangula 

12 matrangula = 1 vitasti 

2 vitasti = 1 karam (or kisku or aratni 

or bhujam or doss or must!) 

25 matrangula =kol known as prajapatya 

26 matrangula = kol known as dhanurmustika 

27 matrangula =kol known as dhanurgrha 

28 matrangula =kol known as pracya 

29 matrangula =kol known as vaideha 

30 matrangula = kol known as vaipulya 

31 matrangula = kol known as praklrna 

It follows that there are 8 different varieties of kol, each having its 
specific length depending on the number of Matrahgulas constituting 
it. 

The following Malayalam commentaries by Vilvattatt Sri Raghavan 


234 


A Survey of Works Relating to Kerala Architecture 


Nambyar, PaloM Sri Coyi Vaidyan, Sri Nilakanthan Acari, Sri Kunezhatt 
Paramesvaran etc. are worth mentioning. With its all features it is one 
of the most authoritative works on Kerala architecture. 

Vastuvidya 27 

The Vastuvidya, a Kerala work on household architecture by an 
anonymous author was published for the first time byT. Ganapati Sastri 
in the TSS in 1913. “Though indebted to Mayamata in a noticeable 
manner and to Manasara in a lesser extent the Vastuvidya has all the 
ingredients of an original treatise in that it is a practical manual put 
into use by generations of artisans engaged in house building 
activities.” 28 The text is divided into 1 6 chapters, in 557 verses with a 
general picture of architecture with special reference to Kerala. Some 
of the topics dealt with in this text are measures, qualifications of the 
professionals required for the construction, characteristics of the land, 
orientation, doors, Vastumandala, gateway, description of the courtyard 
and its measurements, auspicious months to start the construction, eight 
building houses, padamana definition and measurement, width, length 
and thickness of median rafter, construction of wall and allied matters, 
tiles etc. The making of the eleven varieties of tiles mentioned in this 
text needs special attention since it is perhaps for the first time the 
subject is treated by a Kerala author. 

Si/paratna of SrTkumara 2,2 

SUparatna is an encyclopedic work by a Keralite scholar on the 
subject of Silpasastra. The author of this text Srikumara, son of Rama, 
and who belongs to the bhargavagotra was one of the poets in the 
court of Cembakasseri POradam Tirunal and it is said that he had written 
the work as per the instruction of the above mentioned king. The text 
contains two parts, the purvabhaga and uttarabhaga, with 46 chapters 
and 35 chapters respectively. While the first part deals with the 
construction of houses, villages and other allied subjects the second 
part deals with the iconography and kindred topics. In the end of the 
purvabhaga the author mentions that he had written about the 
construction of the city, temple and houses ( nanagramadi - 
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devaiayanarabhavanady uktalaksmaprakasam, SUparatna, 1.46.248). 

The SUparatnam bhasa 30 (also known as atukku and 
Taikkattubhasa) of a Namoodiri brahmin of Taikkattillam is a well 
known manipravalam version of the SUparatna, which isfamiliar among 
the traditional carpenters of Kerala. 

Apart from the above mentioned major Sanskirt works there are 
several other less known texts on this topic produced in Kerala. K. V. 
Sarma’s Science texts in Sanskrit in the manuscripts repositories of 
Kerala and Tamiinadu (Rashtriya Sanskrit Sansthan, New Delhi, 2002. 
pp. 207-215.) mentions nearly two hundred Sanskrit texts on 
architecture available in the different manuscript libraries of Kerala 
and Tamiinadu. It is worth to note that among the two hundred texts 
indicated only ten texts are so far edited. 

Malayalam works 

As we had seen above while the literature in Sanskrit on 
architecture produced from Kerala is vast, there is still a considerable 
amount of work written in the regional language Malayalam and in 
Manipravalam. While there are several commentaries and translations 
in Malayalam available for several Sanskrit works on the subject, the 
independent work, on the subject too needs special attention. We shall 
look into some of the modern works, prepared for the benefit of the 
general reader, in the last few decades. 

Grhanimanapaddhati is written by Parakkal Krishna Warrier with 
a view to enabling the layman to have a glimpse of Kerala’s great 
architectural heritage. This book is a welcome addition to the literature 
on architecture. The sketches and plans included wherever necessary 
are extremely useful to the reader. 

Kettitahgal by the noted authority on the Kerala Tantra and 
architecture Kanippayyur Sankaran Namboodiripad is an attempt to 
combine as far as possible and practicable, old concepts with new 
trends, resulting in improvisations marked by freshness and a new 
vitality. Included in Kettitahgal are 77 ground plans of different types 
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of buildings conceived and prepared by the author himself. The methods 
of constructing foundations and walls, making doors and windows 
and ceilings and roofs, ensuring free air and light, beautifying the 
interior, are all discussed in a simple but authoritative manner. The 
author has taken care to acquaint his readers with various notions and 
beliefs that had become part and parcel of Kerala architecture in the 
past. 

Grhacitravali (Si/pasastram), Vastukaumudi, SUparatna 
samuccayam and Siipibaia-prabodhini by Tannirmukkam V.K. Vasu 
Acari (Vidyarambham Publications, Allapuzha); Ganitaratnakaram 
( Si Ipabhagam - Kaikkanakku ) and Balaramam by Payyannur N. 
Kesavacari (Vidyarambham Publications, Allapuzha) etc. are some of 
the titles available in this filed. 

Edition and translation of technical texts 

In editing science texts one may encounter certain peculiar 
difficulties such as the question of technical terms contained in the 
text. The editors ofthe scientific texts should give more attention towards 
the technical part ofthe text, and it will not be enough if the editor just 
tries to establish the text as written by the author. To help a modem 
student of the subject, the edition should contain a translation, there 
too wherever necessary he should give necessary notes, explanations, 
elucidation’s, and if possible with figures and pictures. 

Analysis or translation of texts dealing with architecture poses from 
the start a twofold vocabulary problem: defining the terms and 
translating them. One could retain the Sanskrit term itself but this 
approach is not always desirable to scholars, especially for those who 
want to compare the same with modern aspects. 

The technical texts employ (of course other literature too) rather a 
large number of terms to designate a single element. As we could assume 
the exigencies of prosody generate such usages. So a simple and easy 
method should be adopted to translate these terms. Perhaps one could 
use a single particular English term in the translation even though the 
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term is indicated with different synonyms. Then a complete glossary of 
terms with their equivalents rendered in the translation could be 
appended to the edition, so that the reader will not have difficulty to 
follow the text, and in the meantime he will have access to all the 
technical terms used in the text. 

Now, it may be worth mentioning some of tools for translating 
these technical texts, such as dictionaries in the subject. As we know, 
the specialized vocabulary of Sanskrit architectural treatises is rarely 
quoted in classical dictionaries. The effort of Ram Raz should here be 
mentioned, who provided an initial collection of definitions, a number 
of which may be considered as definitive, particularly those referring 
to moldings, in his Essay on the Architecture of the Hindus (Indological 
Book House, Delhi, 1834.). The revised (by P. K. Gode and C. G. 
Kharve) Sanskrit-English Dictionary by V. S. Apte contains a number 
of definitions on the subject. An Encyclopedic Dictionary of Sanskrit 
on Historical Principles being published by the Deccan College post- 
graduate and research institute, Poona, too takes the terms on this topic 
some extent. The Encyclopedia of Hindu Architecture (1946) by P. K. 
Acharya becomes a basic reference work, as it contains a very large 
vocabulary from technical literature, as well as from epigraphical and 
classical texts. The contribution of scholars such as A. K. 
Coomaraswamy (Indian Architectural Terms , JOAS, Vol. 48, 1928, 
pp. 250-275), N. V. Mallaya ( Studies in Sanskrit Texts on Temple 
Architecture, 1 949), L. K. Sukla (A study of Hindu Art and Architecture 
with special reference to terminology, Varanasi, 1 972.), Stella Kramrish 31 
etc. are to be referred in this regard. An important article by K. G. 
Krishnan, 'Architectural Terms in South Indian Inscriptions’ (in Studies 
in Indian Temple Architecture, 1 975) contains the first systematic survey 
of Sanskrit and Tamil architectural vocabulary as employed in 
inscriptions. 

In his preface to the edition of the Manusyalayacandrika (TSS 56) 
T. Ganapati Sastri says: “There are throughout this work, many technical 
expressions peculiar to architecture. I hope to publish a vocabulary of 
all such terms occurring in this work as well as in the Mayamata, 
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SUparatna and other works” 32 . But unfortunately the above mentioned 
vocabulary has not seen the light. It is necessary that a vocabulary of 
the technical terms occurring in the texts written in Kerala dealing 
with architecture should be made available to enable students who 
want to enter in this field of research. 

The question of technical terms in translations requires some 
consideration. In his introduction to the Architecture in the Ajitagama 
and the Rauravdgama 33 Bruno Dagens observes that a number of 
archaeologists use purely Sanskrit nomenclature in describing 
monuments. Such a procedure is only justified if the terms used are 
clearly and correctly defined, which has not always been the case. A 
well known example of incorrect usage is the term vimana, which is 
used by most authors to designate the upper portion of a temple, when, 
in fact, it actually applies to the temple as a whole. As far as South 
Indian architecture is concerned, one of the few authors who seem to 
have used this approach properly is H. Sarkar, a reliable expert on 
monuments and texts who has written a monograph which, though 
brief, is a model of its kind, The Kampaharesvara Temple at 
Tribhuvanam (1974).” 34 

When one is working with the texts produced in a particular region, 
or if one is going through a commentary written for the benefit of local 
people then it is likely to find technical terms in the vernacular. This is 
especially true of works dealing with Kerala architecture. Some such 
terms occurring in different works and commentaries on them is given 
below, to show their nature. 

Terms in Sanskrit Their description 

Dikpariccheda determination of the cardinal points 

sahku gnomon; the pin of a dial whose 

shadow points to the hour; an upright 
rod for taking the sun’s attitude by its 
shadow. 

sthanabhumi assembly hall 
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garbhabhumi 

daivikyavrti 

avrti 

marma 

sira 

varnsa 

bhinnasa/a 
c at u sal a 
ekasa/a 

Terms in Sanskrit 

Taksaka 

Lambakam 

Dvaram 

anyaniyam 

annabhumi 

garbhabhumi 

ahkanam 


cellar; a niche underneath a floor 

(twelve squares in the) first enclosure 
next to the place assigned to the 
brahman 

enclosure in general 

crossing of lines ! 

diagonal lines in sixty four squares 

the horizontal and vertical lines in 
sixty four squares 

a house in which the rooms have 
their own yoni, width and gamana 
and stand at four cardinal points and 
corners. 

a house, having one yoni for the 
rooms in four cardinal points and the 
four corner points and also for the 
perimeter. 

a house where the rooms at cardinal 
points have their own yoni and the 
perimeter has the first yoni. 

i 

Description in English 

! 

one who cuts to size 

| 

the suspended weight j 

gateway to the house j 

bedroom j 

the place for feeding people i 

the underground chamber ; 

the quadrangle 


Terms in Malayalam 

cettupanikkaran 

tHkkukatta 

patipura 

kitappura 

uttupura 

nilavara 

natumuttam 


sandhi iyappu 

ni varapatti vamata 

va/aya vala 

kutasandhanam montayam 
parasu vayika 


joint nirva/ambam also 
a particular rafter 
corner rafters 
joint of the rafters 
axe 


Conclusion 

The need to bring all of the works on Kerala architecture to light 
and publish them for the benefit of students of architecture is very 
much required. Valuable manuscripts might have been already lost for 
ever in this field of study. However, it is highly probable that intensive 
research might unearth at least a few which have survived destruction. 
It will be of great benefit if editions of such texts pertaining to this field, 
especially the unpublished ones, are published along with their 
translations and available commentaries. When all this is done, a 
substantial body of literature on Kerala architecture will be available. 
A detailed history of the texts on Kerala architecture is lacking at present. 
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Iconography and Sculpture 

Balagopal T.S. Prabhu 

On the (vertical) fire lines upright forms are 
produced. On the (horizontal) water lines forms 
expressing feelings are produced. On the (diagonal) 
wind lines fiery (energetic) forms are produced. The 
knowledge of the line is then to be known as all 
comprehensive in sculpture. ( Vastusutropanisad 2.23- 
26) 

i. Introduction 

Sculpture (silpa) is an integral part of traditional Indian 
architecture, indeed the design principles of both arise from same 
theory. In traditional Indian architecture, the sculptural art and 
structural engineering are so synthesised that the separation of the art 
and engineering is impossible. Here the structural form is modified by 
sculpture beyond recognition, and simultaneously sculptural form is 
made out of structure. The moulding of the base, the treatment of the 
pillars, the decoration of the wall, the forming of the roof are all done 
in a manner by which the harshness of stone and timber is relieved by 
the smoothness of the sculpture. The building elements such as door 
frames, sides of wall openings, beams and rafters, ceiling joist and 
planks, dormer windows, steps and hand rails, water spout etc, are all 
artistically moulded or carved in delicate proportions. The common 
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motifs of sculptural treatment were geometrical patterns, flowers, animal 
life, human forms, gods, demigods and grotesque figures of wild 
imaginations. The sculptural work is done in half relief as well as in 
full rounded form. There is strictly no separation or distinction between 
religious and secular art in India. Consequently in all buildings one 
may see sculptural works in which gods, demigods or human beings 
are shown in all forms, shapes and postures. They are carved or moulded 
expressing nine basic emotions - srtigara (erotic), karuna (pathetic), 
vira (heroic), raudra (furious), hasya (laugh exciting ), bhayanaka 
(fearful), bibhatsa (loathsome), adbhuta (wonder evoking) and santa 
(peaceful) together with preyas (loving) and pratiksa (expecting), with 
subtle changes of lips, eyes, eyebrows and postures. 

Two types of sculptural works may however be clearly 
distinguished in the land. One belongs to the category of sacred art, 
concerned with the representations of gods as objects of worship 
installed in shrines. The second type, more numerous, includes all 
works in which gods, demigods, kings, sages and ordinary people are 
represented on every surface, niches, panels or elements as decorative 
treatment. Here are events from epics, legends and classics as well as 
from day to day life as preceived by the craftsmen. The form, style and 
expression of the secular art are flexible. The craftsmen are free to 
incorporate local traditions or humorous depiction of events. However, 
the canonical rules of dimensions, proportions and details of the images 
of gods for worship as laid down in Agamic texts and they are irrefutable 
and unchangeable. This dual approach has helped to achieve uniformity 
and unity in the spiritual aspect of the sculpture, and to permit diversity 
and variety in the mundane aspect of art depending on characteristics 
of climate, dress, ornaments, social customs etc. of different 
geographical and ethnic regions of India. Outwardly, one is confronted 
with a panorama of regional artforms in sculpture, but they all merge 
into a unified expression in the images of Cods. 

II. Materials for Making Images of Gods 

According to Agamic texts, the images of gods may be made in 


six types of materials - jewels, metals, stones, earth, wood or glass. 

1. jewels: The nine jewels associated with the astrological 
planets are listed below. Gods worshipped in jewels are believed to 
bestow all wishes (sarvakamaphalaprada), according to Padmasamhita. 
Of the jewels manikyam (ruby) is the most important material for making 
images of god- The Bharata image of Irinjalakuda is believed to be 
ruby. 

Planets and Associated Jewels 

Grha 


Surya 

(Sun) 

manikya 

(Ruby) 

Candra 

(Moon) 

mauktika 

(Pearl) 

Kuja 

(Mars) 

vidrurna (pavizham) 

(Coral) 

Budha 

(Mercury) 

marataka 

(Emerald) 

Guru 

(Jupiter) 

pusyaraga 

(Topaz) 

Sukra 

(Venus) 

vaj ra 

(Diamond) 

Sani 

(Saturn) 

indrani la 

(Saphire) 

Rahu 


gomedaka 

(Chinnamon) 

Ketu 


vaidurya 

Cat eye 


2. Metals : Eight types of metals used for making images of gods 
and their beneficial aspects or malefic effects are listed in the table 
below: 


Nature Name of metal 


Benefic (Subha) 


Gold (sauvarna) 

Silver (rajata) 

Copper (tamraja) 
(Putradam) 

Brass (paittala) 

Bronze (kasya) 


Effects of worshipping 
gods with images made 
of metals 

Peace and salvation 

Prosperity 

Prosterity-lineage 


Education 

Health and long life 
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Malefic (Asubha) Iron (ayasa) Malefic used for magical 

rites 

Lead (saisaka) Related with depiction 

of demons 


Tin (trapusa) 


3. Stones: Stones for making images are basically classified into 
four types depending on their colours. White, reddish, yellowish and 
blackish, each prescribed as suitable for Brahmanas, Ksatriyas, Vaisyas 
and Sudras respectively. They are also said to bestow salvation, victory, 
riteness and grains respectively to the worshippers. The stone should 
be of uniform colour, should be dense, smooth and deeply embedded 
in earth. It should be of appropriate dimension and free from defects 
such as spots, streks, flaws, faults and cracks. Depending on the shape 
and workability, they are further classified into three types - male, female 
and neuter. A stone is said to be male when it is of uniform colour, 
dense, smooth and perfectly cylindrical. When struck by hammer it 
gives the sound of an elephant bell. A female stone has a wide bottom 
and narrow head and produces the sound of a cymbal when struck by 
a tool. A neuter stone is bulged at the middle and produces no sound 
when struck by tools. Stones are by far the most common material for 
making images of god for installation in temples. The male types of 
stone is generally prescribed for making idols. Female types of stones 
may however be used for making images of goddesses and in all cases 
for making pedestals on which the idols are moulded. The neutral 
stones are used only for base course of the pedestal (padasila) 

4. Wood : Twelve trees are prescribed for making wooden 
images of gods as listed below, which are appropriate to each varna 
as they are supposed to blow the effects due to each. 


1. Candana, devadaru, sami 

2. Pippala, simsapa, khadira 

3. Asana, malura, madhuka 

4. Baku la, padmaka, karnikara 


Brahmana (salvation) 
Ksatriya (victory) 
Vaisya 

Sudra (grains) 


Bhagavati image at Cranganure, Parvati image at Vatakkunnathan 
temple at Trichur, the idols of Krsna, Balarama and Subhadra at Puri 
etc. are examples of wooden images. 

5. Earth : Images made of earth have a special significance in 
Indian iconography. Lord Rama worshipped Siva by making an earthern 
linga at Rameswaram before launching his war with Ravana. Arjuna 
also made an earthern linga and worshipped Siva when faced with 
defeat from Kirata, who was none other than Siva in disguise. The 
system of making earthen linga is very common in all places for offering 
worhip to Siva at Tirthas, on occasions such as Sivaratri. Good quality 
earth, specially processed, is used to mould images in its raw form or 
baked form. This is called mmmayabimba (earthern image). 

A special method of preparing god images in composite 
materials, with earth as the basic ingredient is called misrakabimba 
(composite image) also called bahuverabimba. The composite image 
making is a complex .process. The bones are simulated in sticks of 
selected trees and tied in positions by copper strings. It is covered with 
adhesives over which fibres to represent nervous system are fixed. The 
frame work is then pasted over and over with a composite matrix made 
by inter grinding earth with grains, spices, medicinal essences, milk, 
ghee, powered jewels, holy water etc. to beautifully shape the image. 
The whole is then covered in the silk and coated finally with a hard 
enduring resinous composite, made as above, chiselling life like features 
on the image. It may be then painted in appropriate colours to complete 
the process. A variety of auspicious and precious materials go into the 
image making process, lasting long period of ritualistic penance in such 
bahuvera images. The Anantapadmanabhasvami image at Trivandrum is 
an example of such an image. 

6. Glass: Sphatika (glass) is a rare category of material for making 
gods’ images. It has three categories - spatika (glassy crystal), suryakanta 
(crystal of sun’s lusture) and candrakanta (crystal of moon’s luminance). 
The worship of god in the spatika images is believed to bestow health, 
wealth and prosperity in this life and salvation after death. 
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III. Symbolic Representations of God 

There are three sorts of representation of gods - symbolic, iconic 
and mixed. The symbolic representation is known as niskala or linga. 
The iconic images are called sakala or bimba. The mukhalinga is a 
combination of these two - iconic images super imposed on a linga 
and is called in misra category of image. 

According to Agamic text the manifestations of god in the form of 
a diety represents only certain specific aspects of the universal form of 
god - Brahma. The three traditional divisions of the ultimate reality are 
Brahma, Visnu and Rudra representing the creative, preservative and 
destructive (srsti, sthiti and samhara ) aspects. They get manifested in 
many forms with the power (sakti) conceived as ever associated with 
the ultimate reality. The symbolic representations of these dieties are 
done in a single stone divided into three equal parts. The lowest part, 
square in sections, represents Brahma, the middle octagonal section, 
Visnu, and the top circular portion Rudra. As the symbolic stone is 
mounted on a pedestal and firmly set, only the cylindered portions of 
the stone representations of Rudra is revealed to the onlooker, 
consequently the symbolic representations of Siva over the years has 
been associated with this cylindrical form of linga. 

The linga is fashioned from a square stone brahmasila. It is 
divided into 3 parts. The octagonal section is formed by chiselling of 
the four corners. Successive removal of the sharp corners converts this 
octagon into a circular form. The cylindrical portions of the linga is 
rounded at the top and given certain characteristic signs appropriate 
to the worship of Siva in different types of temples (nagara, dravida, 
vesara etc.) as prescribed in Agamic texts. Depending on the method 
of opportunity of the length among the three sections, lingas are 
categorised into 4 types - sarvasama, samasama, vardhamana and 
isadhika. The sarvasamalinga has equal lengths for the square, 
octagonal and circular sections. The lengths of the section in the 
samasama category are equal to the perimeters of the sections. This 
means that the square sections will have maximum length, the octagonal 

250 


sections a medium length, and the circular scetions minimum length. 
This type of linga is, however, rarely adopted for worship. In the 
vardhamana linga, the lengths of these sections increase by one unit as 
one moves from the square through octagonal to circular sections. 
Common ratios of lengths are 4:5:6, 5:6:7, 6:7:8 and 7:8:9. In isadhika 
linga the length of the lower portions are equal, but that of the upper 
portions is one module more than that of the lower ones. The common 
ratios of lengths here are 3:3:4, 5:5:6 and 7:7:8. 

The total length of the linga is expressed in three ways. Firstly, in 
absolute measures, the length of the linga varies from 1 hasta to 5 hasta, 
in successive increments of 1/4 hasta or 6 angula. Secondly, it is taken 
as a ratio of the width of the garbhagrha. The length of the linga may 
thus be taken as 1/2, 5/9 or 3/5 of the cell width. Thirdly, the length is 
taken in relation to the height of the door opening into the garbhagrha. 
It may be equal to the door height, or with an increase or decrease of 
quarter this height. In general the width of each portion of the linga is 
related to its length, varying from 5/24 to 8/24 of the length of the 
sections. 

The pedestal for the linga consists of square seatwith its side length 
equal to 3 times the diameter of the linga and height equal to that of 
the octagonal portions and a projecting spout of 1/3 of this size. It has 
an octagonal hole in the centre into which the visnukhanda of the 
linga gets fixed, with only the cylindrical rudrakhanda projecting out 
side. An annular groove around the linga for draining the abhiseka 
water is joined to the channel in the projecting portion of the pedestal. 
This channel is always oriented towards the north with a gentle 
deflection of 1/16 towards the east. The continuation of this channel 
outside the garbhagrha is seen in the form of the highly sculptured 
form of the spout (pranala). The pedestal height is divided into 1 6 parts 
and fashioned with moulding. 

Depending on the method of treating the visible part of the linga 
above the pedestal, there are many varieties, chief of which are trairasika 
linga, surarcita linga, dharalinga, sahasralinga and mukhalinga. 
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Trairasika linga is one in which the total height is divided into 9 
equal parts with each of the Brahma, Visnu and Rudra khanda taking 
three equal parts, but the circumferences of the square, octagonal and 
circular sections are prescribed as 8/9, 7/9 and 6/9 of the total height. 
The linga in which the width is equal to quarter of the height of the 
section is the type worshipped by gods and hence called surarcita 
(honoured by god) linga. If the worshipped elements of a linga is divided 
into two sections, with the lower portions prescribed with a number of 
facets (4, 8 or 1 6 ) and the upper portion has twice as many, such a 
faceted linga is known as dharalinga. A sahasralinga is one which as 
25 facets cut on the circular portion, each facet being superposed with 
forty images of lihgas. 

IV. Mukhaliiiga 

The most fascinating symbolic representation of Siva is in the form 
of linga with faces. The width of this linga is 3/10 of its height. The 
height is divided into 10 equal parts, of which 2 parts from the 
shoulder, 1 part neck, 3 parts face, 1 part top of the head, 2 parts hair 
arrangement and 1 part for the top of the linga. On the four sides of the 
linga are the perfect sculpturing of the god’s head in every minute 
detail. The face on the east is that of tatpurusa, the supreme form of 
Siva with three eyes (trinetra), knotted hair (jata) and fish shaped ear 
rings (makarakundala). The south face is that of aghora, or Siva in the 
form of destroyer, with over locks of hair studded with skulls (kapala) 
and with adornment of snakes (nagabhusana). The west face is that of 
sadyojata, Siva in pure and pleasant form, adorned with precious stones. 
The north face is that of vamadeva, Siva in the gentle and lustrous form 
and decoration appropriate to a young girl. The mukhaliiiga is seen at 
its best in the cave temple at Elephanta dated 6th century AD. 

It may be noted that mukhalihga is only one form of iconic 
representation of Siva. According to mythology, Siva has 18 
manifestations, classically worshipped in the iconic form. These 
eighteen forms as given in SUparatna are listed below: 

1 . Sukhasana (Siva comfortably seated ) 


2. Somaskanda (Siva with Uma and Skanda ) 

3. Chandrasekhara ( Siva with moon in his crest ) 

4. Vrsarudha (Siva and Uma mounted on bull ) 

5. Nrttamurti ( The dancing Siva form ) 

6. Gatigadhara (Siva holding Gaiiga in his hairs) 

7. Tripurari (Siva with Uma, the destroyer of tripura) 

8. Kalyanasundara (Siva with Uma in all adornment ) 

9. Ardhanarisvara (Siva forming the right of the body and Uma left 

half) 

1 0. Gajaghna (Siva stripping the skin of elephant ) 

1 1 . Pasupati (Siva as protector of animals ) 

12. Kankala (Mahesvara as a hunter, with all ornaments 
accompanied by Bhutagana ) 

13. Saiikaranarayana (Harihara, Sankara forming the right half of 
the body and Visnu the left half) 

14. Bhiksatanamurti (Siva in the mendicant robe, in the position of 
walking) 

15. Chandesvara (Siva in the posture of drawing a bow and as 
bestower of a boon on Candesa ) 

16. Daksinamurti (Siva in the teaching posture) 

1 7. Kalari (Siva as the slayer of Kala) 

1 8. Lihgasambhuta (Mukhalihga, Siva in the form of linga) 

V. Iconic Representation of Gods 

The iconic representation of gods involves many considerations 
such as: 

1. The height of the image, 2. The position of posture, 3. The 

pedestal for mounting the image, 4. The overall proportions of the 

image with regard to height, 5. The detailed proportions related to the 

divisions of the parts, 6. Aspects and emotions of the dieties, 7. Attire, 

garments, ornamentations and accompaniments, and 8. Decorative 

treatment of aura and enframement. Indian iconography and iconometry 

j is a vast discipline which takes up all these aspects in elaborate detail 

! for the representation of numerous gods and goddesses, sculptured 

i not only as main images of worship, but also as attendant dieties on 

i 
! 
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the walls, ceilings, dormer windows, pillars etc. The iconographical 
themes were also extended for general decoration of temples on a 
profuse level as in Belur, Khajuraho, Konark etc. with mythological 
and wordly scenes with magnificent imagination as well as with brutal 
realities. 

The overall height of the images of worship are determined from 
three considerations, namely, (i) the width of garbhagrha (ii) the height 
of the door opening and (iii) the height of the founder of the temple. In 
terms of the width of the garbhagrha the height is taken as equal to its 
width or a proportion (2/3, 3/4 or 1/2) of the width. In terms of the 
height of the door opening the total height of the image may be taken 
as equal to 1-1/2 H, 1 -1/4H, 1 H, 3/4H, 2/3H, 2/3 of (7/8H or 8/9). In 
relation to the body of the founder, the height of the image may be 
taken as equal to his height, or as high as the shoulders, nipples or 
navel of the founder. The height of the vertical reference line so opted 
is to be checked for its astrological auspiciousness before finally 
accepting the same. The dimension of the portable images are decided 
as a proportion of the principal image (1/7, 1/6, 1/5, 1/4, 1/3, or 1/2 of 
the principal image) 

The overall heights of the images in standing posture (kautukayama) 
are modified in the case of images in sitting (asina) and lying (sayana) 
postures. For images in sitting posture the height is 2/3 of the dimensions 
given for the standing images. The height of lying images is similarly 1/ 
3 of the height proposed for standing images. The length of the image 
in lying posture is however decided by the length of the garbhagrha. 
For uttama category of images the length is divided into 16 parts, 4 
parts are left at the right end where the head comes, and 2 parts at the 
left end when the feet are depicted. Alternately the length may be 
divided into 8 or 7 parts with 2 parts left at the right and 1 part at the 
left end of the garbhagrha. It is also recommended that such a 
garbhagrha should have a triple doors for viewing the image fully, as 
provided in Tirupati (Govindarajapattana) and Sriranga. 

The pedestal for statues are to be formed befitting the 


ornamentations of dieties. The height of pedestal is 1/5 of the height of 
the image if standing, 1/4 if it is sitting and 1/3 if reclining. For standing 
and sitting images, the height of the pedestal is divided into 5 portions, 
the top two portions forming the padmapitha and the lower 3 parts its 
base. The base is square or rectangular in shape and it is to be formed 
as described in the case of liriga pedestal. The top element of 
padmapitha may be circular, oval or semicircular in plan. Its width is 
twice the height. This height is to be divided into 6 equal parts in its 
simplest form with 1 part each taking the bottom and top string and 
two moulding of lotuses, a taurius in between. For seated images the 
width of the pedestal is suitably increased. Depending on the divisions 
of the height, shape of the plan and details of moulding, there are nine 
types of pedestals - bhadrapitha, padmapitha, vajrapitha, mahambuja, 
srikara, pithapadma, mahavajra, saumyaka and srikanya - as described 
in Mayamata. Si/paratna describes many more with names such as 
merusundara, laksmisundara, samangabhadra etc. 

There will be cases in which more than one diety are installed on 
the same pedestal. In such a case the most important diety is given the 
height, as determined above. The height of other dieties are reduced 
suitably. For example, if the statue of the goddess is also put up along 
with that of the god, the height of the female image is fixed only as 
much as the nose or shoulder height of the male image. This difference 
may be divided into 8 parts and the height of the female diety fixed at 
any of these values also, according to Bhasasilparatna. 

VI. Proportions in Iconography 

Indian iconography makes use of 10 main varieties of 
proportions of images ranging from ekatala (1 tala) to dasatala 
(1 0 tala). Tala literally means palm, the inner length of hand including 
the fingers, which is stated by the sages as the length of the face. This 
length is divided into 1 2 parts or angula, the width of the middle phalax 
of the mid finger on the right arm referred as nicangula in the 
dimensional system. In the proportionate system of iconometry, tala 
simply refers to the face length of the image - from the lower cheek to 
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the top of the forehead which is also taken as the width of the face. 
One twelth of the tala is a unit called angula and one eighth of the 
ahgula is a subunit called yava. An image is said to be of a particular 
type, say astatala (8 tala) if the total height of the image from the feet 
up to the forehead is equal to 8 times the face length. It will thus have 
96 ahgula height. 

Each proportion, say astatala (8 tala) is divided into three 
varieties - uttama (highest), madhyama (middle) and adhama (least). 
96 ahgula is the measure of the madhyama (mean measure) of the 
category, the uttama highest measure being 4 ahgula more than the 
mean, i.e., 100 ahgula, and the adhama (least) being 4 ahgula less 
than the mean (92 ahgula). While a particular major variety of talamana 
proportions is adopted for a category of images the three subdivisions 
- uttama, madhyama and adhama - are used to portray the superior, 
median and inferior dieties of that particular category as shown in the 
table. 


Category of 
Talamana 

Sub category 

Gods represented 

1 0 tala (dasatala) 

Uttama 1 24 A 

Brahma, Visnu, Mahesvara 


Madhyama 1 20 A 

Sarasvati, Laksmi, Uma 


Adhama 1 1 6 A 

Durga, Bhumi and Godesses 
and sages (Maharsi) 

9 tala (navatala) 

Uttama 1 1 2 A 
and Goddesses 

Astadikpalaka, Vasu, Gods 


Madhyma 1 08 A 

Yaksa, Sivagana 


Adhama 1 04 A 
Gandharva, Pitrs 

Vidyadhara, Siddha, 

8 tala (astatala) 

Uttama 1 00 A 

S rest ha 


Madhyama 96 A 

Madhyama human beings 


Adhama 92 A 

Adhama 

7 tala (saptatala) 


Pisacas (demons) 

6 tala (sadtala) 


Dwarfs 


5 tala (pancatala) 

Uttama 64 A 

Ganesa, Skanda, Vamana 


Madhyama 60 A 

Bhutagana of gods 


Adhama 56 A 

Childrens 

4 tala (catustala) 


Bhutahga 

3 tala (tritala) 


Yaksa and Kinnara 

2 tala (dvitala) 


Kurma (tortoice) 
Matsya (fish) 

1 tala (ekatala) 


Pannaga (serpent) 


The tala system is relevant with regard to the total height of the 
image only. The tala or the face length is not a module of these images 
regulating the several body proportion. This module (matra) is ahgula 
or its multiples (1 golaka = 2 ahgula and 1 parva = 3 ahgula ). The 
applications of this modular measure for the proportionate measurement 
is aptly demonstrated in the navatala system. In this case the total height 
of 1 08 ahgula is distributed among 1 0 divisions of the body as given in 


the following table. 

Dimensions of the body Ahgula measures of each division 

Uttama Madhyama Adhama 
Top of the head to the top of forehead 3 

Face-forehead 4 

nose 4 1 2 

lips 2 

cheeks 2 

Neck 3 

Neck to the horizontal line through heart 1 2 

From the level of heart to that of nabhi (navel) 1 2 

Navel to genitalia 12 

Thigh 24 

Knee 3 

Leg 24 

Foot 3 

108 


The procedure for sculpturing the image is first to select the stone 
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of length equal to twice the image height and of width equal to 3/4 the 
image height and of thickness half this width. The stone is fixed firmly 
on the ground and the 1 1 horizontal lines corresponding to the above 
divisions are marked on the stone slab. Horizontal lines are also drawn 
corresponding to the measures of padmapitha pedestal, base of 
pedestal, top of the crown, and midpoints of thighs and legs. The vertical 
lines through the centre, ears, shoulders and the limits of weapons are 
also drawn. Based on these reference lines the different parts of the 
body are marked. The dimensions of each part are given in the Agama 
text on iconography. 

For the female figure in navatala the vertical proportions as given 
are adopted as such. But the lateral dimensions are modified to suit a 
female figure. These parametric dimensions for male and female images 
are indicated in the table below: 


Body parts 

Male 

Female 


Image 

Image 

Width of face 

12A 

1 1 A 

Neck 

8A 

7 A 

Bhuja 

24A 

1 7 A 

Breast (nipples) 

12A 

18A 

Belly 

16 A 

1 1 A 

Waist 

18A 

20A 

Thigh 

24A 

24A 

Knee 

1 0A 

7 A 

Calf 

7 A 

6A 

Feet 

5A 

4A 


1 08A 

1 08A 

The three varieties of 

images - uttama, 

madhyama and adhama - 


in each tala category are obtained by varying the dimensions of the 
median image in table below the neck. Thus the uttamanavatala 
category of image will have the body height below the neck increased 
4 A and adhamanavatala category of image will have the body height 


reduced by 4 angula. Craftsmen are free to incorporate minor changes 
in the features of the image within these prescriptions. 

The talamana is clearly based on the physiognomonical types 
particular to different regions of India. Basically the iconometric 
proportions of adult body appear to belong to the three categories - 
saptatala, astatala and navatala - of ethnic groups. Those of the saptatala 
category are of stouter proportions as compared to navatala category 
of slender stature. The astatala group are of meadian or average stature, 
consequently the astatala proportions are used to portray human beings 
in iconography. 



Astatala 

Navatala 

Dasatala 


A 

M H 

A M 

H 

A M 

H 

1 . From top of head to forehead 


3 

3 3 

3 

4 


2. Face 


12 

12 12 

12 

13 


3. Neck 


. J 

3 3 

3 

4 


4. Neck to level of heart 


10 

1 1 1/2 

12 

1 2 1/2 

13 

5. Level of heart to nabhi 


10 

1 1 1/2 

12 

12.1/2 

13 

6. Nabhi to genitalia 


10 

11 1/2 

12 

12 1/2 

13 

7. Thigh 


21 

23 24 

25 

26 


8. Knee 


3 

2 3 

^ 3/4 

3 1/4 

4 


9. Leg 


21 

23 24 

25 

26 


1 0. Foot 


3 

2 3 

3/4 

3 1/4 

4 




96 

1041 OS 

1112 120 


The angula measures 

of 

saptatala 

, astata 

la a 

nd navata 


categories are 84, 96 and 108 respectively. But in all cases the 
measures of the face are same, equal to 1 tala or 1 2 angula. It is also 
seen that the height of the body (from the top of head to the genitalia) 
is equal to the height of the leg (thigh, knee, leg and foot ). Hence the 
portions below the neck are shorter for saptatala and astatala images 
as compared to that of the navatala type. The net effect is that the 
saptatala image wili appear sturdy where navataia image will look 
comparatively slender. As the astatala system is used to carve human 
images, the saptatala will suit the images of demons while the navatala 
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system will produce elegant images of gods. Extending this concept 
further, the sattala will be appropriate for dwarfs and dasatala will be 
fit the supreme dieties of Brahma, Visnu, Siva and their spouses. The 
pancatala system has different measures for lateral dimensions and 
these are used to depict Ganesa in stouter proportions, Vamana in 
dwarfish proportion and Kumara’ in the body proportion of a child. 
The versatility of the talamana is fully used in this case. 

VII. Adornment of Images 

The gods, demigods, humans and demons represented in 
sculpture are in different aspects of their being, in a variety of postures 
and expressing a range of emotions. Gods may be represented in 
peaceful (santa ) or terrific (ugra) aspects. While the santamurti will be 
sculptured with gentle expressions on face and compressed statue, the 
ugramurti will be inflated with devine fury with bulging eyes, puffed 
cheeks and in a posture of attack. The different positions taken by 
images are expressed by changes in the position of head and limb. The 
sculptural works other than those of images of worship are generally 
expression of movement and action. Female figures are shown with 
their bodies swaying, and turning about a vertical axis in space. The 
emotions on their faces are brought to light by subtle details in carving 
the eye brows, eyes, cheeks and lips. 

Agamic texts describe each diety with appropriate attire, 
ornaments and weapons. The preference of the sculptor is for the bare 
body and he makes only sparing use of garments and ornaments in 
images. The attire also reflects the original character. The garments 
appear to cling to the body only with their edges and ends emphasised 
as if they were ornaments on the body. Ornaments are profuse on the 
neck, arms, waists, legs and fingers in a bewildering variety. Another 
important feature is the head gear, the hair being arranged in complex 
patterns, bedecked with ornaments the whole forming crown like 
features rising to about 8 angula from the forehead. 

Images of gods are also invariably crowned. The crowns appear 
in a variety of shapes - like many tiered tower, domical, locus shaped, 
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umbrella shaped and in the shape of tortoise. Often the crowns of gods 
surpass the faces in- height, the heights being 1 5, 18,21 or24arigula. 
Gods are also often associated with their vehicles on which they are 
mounted or animals in their guardianship, and attendant demigods. 
The main diety is then always brought to prominence by the sculpturing 
of an aura (prabha). The system of enframing images in the portals 
(toranaprabha) is also followed in many cases. Every detail of the images 
are spelled out in treatises on iconography. Strictly speaking, sculpture 
and iconography are not part of architecture. But it is impossible to 
separate them from temple architecture, which is a synthesis of 
engineering sciences (vastusatra), sculpture (silpa) and theistic rituals 
of worship (agamas). 
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Tantrasamuccaya 

Jayan Erancheri Warn 

Tantrsamuccaya (TS) is a well known text in the field of tantra 
and vastuvidya in Kerala. It is considered as an authoritative text on 
these fields. Author of the work is Cennas Narayanan Namputiripad. 
He is believed to be the court scholar of King Manavikrama, the Zamorin 
of Calicut. It is according to the instruction of Manavikrama, that Cennas 
wrote TS. 

TS is the work of 1 5' h c AD. 1427 AD is the year of the birth of the 
author. It is clear from the chronogram in the text. As its name indicates 
it is the samuccaya or collection of the tantras of different deities. TS 
deals with the worship of seven deities, Visnu, Siva, Subrahmanya, 
Durga, Sasta and Sankaranarayana. It also deals with construction of 
temples. The process from testing of the land upto the construction of 
multileveled prasada is described. It is an elaborate work containing 
twelve chapters called patalas. 

Contents of the Text 

Acaryavarana (accepting an acarya or priest for construction of 
the temple) to silaparigraha (testing and acceptance of stone) are 
described in the first chapter. The second chapter contains architecture 
details connected with temple portion, measures of prasada, 
garbhagrha, bimbas and construction of single and multileveled 


prasadas. The next chapter describes mantras of different deities and 
dravyas (offering materials that can be used for puja of deities). It also 
deals with kalasas used for special pujas and dravyas (materials that 
can be used in kalasas). The fourth chapter gives details about the 
rituals of mandapasamskara and goba.ndhanakriya. These are parts of 
pratistha rituals. The fifth chapter deals with dehasuddhi, pranayama, 
lipinyasa and such rituals that are to be done by acaraya while offering 
puja. They are for mental purification. The rituals mentioned third to 
fifth are the part of pratistha or installation of deity. In the sixth chapter 
main rituals connected with pratistha are described. Daily rituals are 
discussed in the following chapter. Kalasas used for abhiseka are given 
in chapter VIII. Rituals that are to be observed in the festivals of temples 
are given in the next chapter. Prayascittas are described in tenth chapter. 
Prayascitta means the ritual to be done in the case of occurrence of 
any impurity in the temple. Prayascittas are to be observed if any fault 
had occurred in the worship of deity. Reconstruction of a decayed 
temple is the matter discussed in chapter XI. T his deals with the matters 
like construction of a small shrine room for deity, while the temple is 
being repaired. Rituals that are to be observed during the construction 
are also described. Twelfth one is the concluding chapter. It deals 
with the matters that are left behind in the earlier chapters about the 
construction of temple. 

Aspects of Temple Architecture 

TS describes architecture in one chapter only. That is the 
second one. This chapter gives all the minute details of temple 
construction. It begins with the testing of the land proper for a 
temple. This include, testing of the land according to its surroundings, 
the caste of the owner, the shape of the land, the geographical 
conditions, and the result that are obtained by worshipping a particular 
deity in a land. Construction of temple begins after the selection of 
land. Placing of bricks for the temple construction for the first time is 
known as istaka nyasa - placement of bricks. This is done in the place 
where the installation of deity will be made after the construction of 
the temple. A bronze pot known as garbhapatra is placed over the 
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bricks. This ritual is known as garbhanyasa. Over this, six portions of 
the base known as sadhadharas are placed .These are (1) adharasila, 
(2) dhanyapitha, (3) nidhikalasa, (4) silapadma, (5) silakurma and (6) 
yoganala. 

The height of the pillar of the prasada is decided first. The height 
of the prasada pillar determines many measures of the parts of the 
temple. Height of the adhisthana is then decided based on the height 
of prasada pillar. 

Selection of stones for temple is an important part of the 
construction.There are male stones, female stones and neuter ones 
based on their peculiarities. Male stone is used for construction of 
bimba, female stone is used for construction of pitha and neuter stone 
is used for napumsakasila below the pitha. Peculiarities of each type 
of stone is described in the fdllowing verse: 

gurvi dhiraravl sphulingabahula nyagrodhabodhicchada 
prakhya bimbavidhau visalabahulagrahya si I a paurusi / 
rambhapatranibha nacatibahula snigdhasvara sitala 
straini pithavidhau dvilaksmibhidura klaibi padabjarpane // 

Prasada is the main portion of the temple. This includes garbha 
grha or shrine room, its corridor and an outer wall surrounding the 
corridor. In small temples the shrine room itself is known as prasada. 
Measures of prasada are decided based on the decided height of its 
pillar. 

The decided measures for prasada and other portions of temples 
are tested using traditional calculation systems of aya, vyaya, yoni, 
tithi, vara etc. If the selected measures are found proper using this 
calculations, they are accepted. Otherwise the decided measures are 
to be changed. 

Types of Prasada 

TS mentions ten types of prlsadas based on their shapes and 
measures. They are jati, chanda, vikalpa, abhasa, vrtta, dirghavrtta, 
gajaprstha, caturasra, astasra, and sadasra. Jati to abhasa are rectangular 

264 


in shape, varying in measures. Others indicate their shape by their 
name itself. These prasadas can be constructed as single 
leveled or multileveled. The main parts of prasada are adhisthana (base), 
gomukha (water outlet), vedika (portion of base floor), prasadadvara 
(entrance to prasada), bhittika (wall), and roof of prasada. 

All these portions should have decorations. Decorative portions 
of adhisthana are (1 ) paduka, (2) jagati, (3) kumuda, (4) kumudapattika, 
(5) gala, (6) galapattika, and (7) vajana. The decorative portions of 
prasada are (1) ghanadvara, (2) torana, (3) salakuta, (4) panjara, (5) 
jalaka and (6) kumbhalata. In the construction of multileveled prasada 
the inner wall or arudhabhitti is made to be higher. This is for 
construction of second level. Beams of the roof of second level are 
placed over this wall. In the second level also the wall portion is well 
decorated. 

The other parts of temple is outside prasada. The main 
exterior portions of prasada are mukhamandapa, pancaprakaras, 
ba I ip i t ha, dhvaja and gopura. There are standardised norms for 
deciding the measures of these portions, and they are also used for 
deciding the distance between each portion. Danda and mukhayama 
are these standardised measures. They are fixed according to the 
diameter of breadth of the base floor. Uniformity in measures is essential 
for construction. So these standardized measures are used in the 
calculation of those of other parts. Among the above mentioned exterior 
portions pancaprakaras are the five concentric exterior areas which 
includes different parts of temple. They are antarmandala, antahara, 
madhyahara, bahyahara and prakara. 

TS discusses in detail the making of idols. Idols made of stone 
with details of measures of all portions are given. Tala measure is used 
in the sculpturing of idol. Dasatala devi bimba, navatala deva bimba 
and pancatala Ganapatibimba are described in this text. Though we 
find idols made of daru and pancaloha, main material for idol 
construction is stone itself. Construction of different types of Sivalinga 
is also described. 
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Rituals 

TS gives much importance to rituals of temples. A ritual means 
the observation of Vedic or tantric practices for pleasing the deity. The 
rituals described in TS can be classified as (1 ) rituals observed during 
the construction of temples, (2) rituals of pratistha (installation), (3) 
nitya (4) utsava (festival) rituals and (5) prayascitta (expia) rituals. TS 
gives description of homakunda, mudras and padmas made for different 
rituals. 

The study of TS provides one with the knowledge that the 
ancient Sanskrit texts are still of modern relevance in some aspects. The 
measures and construction styles described in TS give us the 
knowledge of ancient construction style of Kerala. The study of such 
ancient texts will be useful for people to understand our ancient 
building style and make use of it as far as possible in present days. 
Even though the materials of construction, social and cultural values, 
and needs of human beings are changing day by day, some basic 
principles are not changing. Hence echo-friendly architecture is of value 
in some matters. TS, considered as a tantric text, gives us the 
knowledge of the culture of temples of Kerala. This culture is a mixture 
of Vedic sacrifice and ritualistic worship. This text can be classified 
among the texts of daksinamarga tantra. It is Vedic in nature. TS 
mentions the caste system, which was prevalent in its time. Though it 
was notdirectly connected with temples, it existed as part of the society. 
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Textual Tradition on Temple 
Architecture based on Putayur Bhasa 

K. N. Neelakantan Elayath 

Kriyadlpika popularly known as Putayur bhasa ' composed by 
Vasudevan of Putayur 1 1 lam in North Malabar is a treatise on temple 
rituals. It is a tantric work of agama type and as such deals with all 
facets of God’s dwel lings from the choice of the site for the construction 
of temple to iconography and decorations. Written in manipravala style 
(hybrid of Sanskrit and Maiayalam) it is the most popular work in tantric 
tradition of Kerala and like similar works deals with rituals connected 
with the construction and consecration of temples and daily worship. 
The work is intended to be a manual not only for the temple-priests 
and tantrls (authority and supervisor of temple rituals) but also for temple 
architects. Being the oldest work in vernacular, it is of great importance, 
especially when ancient technical works are studied for their possible 
modern application. 

Author 

The author of the work Vasudevan of Putayur lllam hailed from a 
Namboodiri family at Talipparambu in North Malabar. Though there 
were many houses bearing the name Putayur lllam at Talipparambu 
the present author belongs to Puntottattu Putayur lllam. From the work 
we know 2 that his father’s name was Narayana. His preceptor was 
Panduranga and he was devoted to Siva, the deity of the temple at 
Talipparambu - the diety often mentioned as Cellurnatha. He has also 
authored another work called Putayur bhasa dealing with the smarta 
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rituals of the Baudhayanas and Ekasvasa, a work on expiatory 
ceremonies. 

Text 

The original name of the work is Kriyadipika and is intended to 
be an easy manual for tantris to cross the ocean of tantra. 3 But on 
account of its composition by Putayur Vasudevan, in Malayalam- 
Sanskrit mixed language it was called Putayur bhasa. It is divided into 
12 patalas or chapters and consists of 2944 verses in anustup metre. 
The work is the earliest one of this type in Kerala and was composed at 
least one hundred years before Tantrasamuccaya, the most popular 
Sanskrit work on tantra. According to some 4 the word 
celluradhipati jyeyam occurring in the 12 ,h pata/a contains a 
chronogram which gives the year of its composition as 1 342 A.D. The 
author of Tantrasamuccaya was born in 1427-28 A.D 
( ka/yabdesvatiyatsu nandanayanesvamhodh isah khyesu ya h sambhUto). 
In the division of chapters and in the treatment of different topics Putayur 
bhasa has striking similarities with Tantrasamuccaya. Many verses are 
even seen to be translations of Putayur bhasa. 5 Therefore it is likely 
that this work is original and Tantrasamuccaya is only a later version 
of it into Sanskrit by Cennas Narayanan Namboodiri. Though the latter 
was considered authoritative, it is the Putayur bhasa and another work 
Kuzhikattu pacca which were followed by the tantris and carpenters 
of Kerala in actual practice. Putayur bhasa like Tantrasamuccaya deals 
with the worship of seven deities, viz, Visnu, Siva, Sarikaranarayana, 
Durga, Subrahmanya, Ganapati and Sasta. It is also possible that both 
the above works followed some common sources like Prayogamanjah 
and Prapancasara which were not accessible to those who did not 
know Sanskrit. 

Philosophy 

The philosophy underlying the rituals related to temple worship 
is that the Paramatma assumes many forms and becomes an object of 
worship to devotees. According to the Agamas, installation of deities 
and their worship brings prosperity to human beings. Temple - rituals 


in most of the tantra works begin with the selection of a guru 
(guruvarana) and one has to follow the instructions of the preceptor in 
the installation and consecration of the deity. It is said that the deity 
with all its glory will be present in the idols if it is properly installed 
and worshipped with daily pujas and festivals. Defect in the 
performance of rituals may affect the presence of the diety in the idols 
and bring calamity to human beings. 

Summary of the Text 

The following are the main topics discussed in the 1 2 chapters of 
Putayur bhasa. The first chapter contains the selection of the guru, 
selection of a suitable site for temple-construction, purification of the 
site or vastubali, lying of the foundation-stone and the selection of 
granite. The second chapter deals with the details of the construction 
of prasada from paduka to stupika , different types of prasadas, types 
of idols and then measurements and the construction of balipithas and 
pancaprakaras. In the third chapter purification of the idol and related 
rituals are given, while the fourth chapter dwells on purification of the 
seven deities and the mandapa. The fifth chapter deals with rituals 
connected with the actual installation of the deities. The sixth is devoted 
to the fixing of the idol with astabandha (a type of wax), installation of 
balipithas and flag-staff and their purification ceremonies. The seventh 
chapter is mainly concerned with the details of the daily rituals in 
temples. The eigth chapter takes up the topic of kalasapuja, the modes 
of pots, different types of diagrams ranging from the one to sixteen 
depending on the number of pots (usually 25 to 1000). Chapter nine 
briefly narrates different festivals while the tenth chapter is devoted to 
expiatory ceremonies or prayascittas ie; the sight of bad-omens inside 
the temple indicative of an impending calamity and their prevention 
by expiations. The ill-omens are said to be death, presence of urine, 
blood etc, entry of candalas and theives and presence of honey-bee 
and mushrooms. Other ill-omens are breaking of the conch and the 
thread during the selection of the site. The eleventh chapter gives the 
details of the renovation of temple and the installed idol and the last 
chapter contains miscellaneuos subjects not mentioned in the earlier 
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chapters. They include description of several rituals, of untensils of 
temple-worship like sruva and juhu and their precise measurements. It 
also contains some details on the determination of directions, and fixing 
the post for construction of the temple which are not mentioned in the 
second chapter. 

Contents of the Second Chapter 

From the point of view of vastuvidya, the second patala dealing 
with the construction of temple and iconography deserves special 
mention. This chapter contains 325 verses and elaborately deals with 
different types of temples and their constructions with its various 
dimensions like hight, width and length. Accrodingly, there are 13 
types of prasadas which can be again classified into chanda etc. It is 
followd by an account of the yoni-concept, their determinations, and 
the star, and age of the vastu. The measurements of different parts of 
the temple from paduka to stupika, construction of the basement and 
its parts, erection of pillars, both darumaya and kudya etc. are further 
explained. Construction of prastara, the third main part of the temple, 
and its various types are then described. This is followed by the 
prescription regarding the sikhara, the roof structure, measurments and 
type of rafters pattika, tula etc., and finally the fixing of the stupika. 
The roof may be covered either with copper plates or tiles. 

Putayur bhasa also gives a detailed account of different types of 
temples likealpaprasadas and mahaprasadas and their features. Temples 
with three to five stories are called jati. Both three-storied and four- 
storied temples again are of six types. The features of other types like 
chanda, vikalpa and abhasa are also given in this context. On the 
basis of shape, temples are classified as square, rectangular and circular, 
viz. nagara, dravida and vesara. Construction of mukhamandapa, 
arcanamandapa, five prakaras and sabha and installation of flag-staff 
etc. are other subjects treated in this chapter of Putayur bhasa. 

Verses 193 to 321 in this chapter focus on idols and measurments 
in respect of the seven deities and include minor details of seven 
ornaments and other decorations. The second chapter ends with a 
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simple narration of different citras and its three-fold divisions viz., chitra, 
citrartha and citrabhasa. 

Renovation 

The renovation of temple and installed idols, briefly narrated in the 
eleventh chapter, makes Putayur bhasa a comprehensive manual on 
temple architecture. It gives prescriptions for the twofold renovation called 
sankoca and niskramana and their corresponding rituals. In the context 
of replacement of the old by a new one, the entire ceremonies related to 
the installation of the idol has to be meticulously performed. 

The importance of Putayur bhasa as a source book of temple 
architecture has not been properly highlighted. It sheds light on the 
little known architectural tradition of Kerala. The work takes details of 
temple-construction certainly from a pan-Indian tradition. But it 
combines it with a different architectural model and perhaps also adds 
practical techniques. Whether it gives any new perspective in the 
practice of temple architecture in Kerala, yet remains to be investigated 
by a careful analysis and study of the text. 
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Is Tantrasamuccaya 
an Original Work? 

N. V. P. Unithiri 

Tantrasamuccaya (TS) of Cenn as Narayanan Namboodiri 1 is one 
of the most notable contributions that Kerala has ever made to the 
branch of tantrasastra. Even today it is considered to be the authority 
in the field of tantra related to temples. 

Though the Kriyadi pika known as Putayur Bhasa (PB) by 
Vasudevan Putavar of Puntottam 2 is not so famous as the TS, it is more 
or less well known among the tantris of Kerala. However, it is not in 
Sanskrit. It is written in Malayalam. Strictly speaking, it is in Manipravala 
(a mixinig of Sanskrit and Malayalam). 

There are twelve chapters called patala-s in both PB and TS. 
A comparative study of the topics of each chapter of these two works 
would reveal that the contents of them are more or less the same. 
When one goes to the details, it can be seen that a good number of the 
verses in the two treatises appear to be word-by-word translations in 
many cases, and adaptations in some others. For example, we may 
give a detailed comparison of chapter I : 


PB 

TS 

4 

4 

15-25 

6-10 

26-8 

1 1-3 
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Mantras 1-8 and 


verse 29 

14-5 

30-3 

24-7 

34-7 

28-36 

38 

37-8 

39-40 

43 

41-2 

44-5 

43 

46-7 

Prayer hymns of 


Durga 1 -2 

51-2 

Prayer hymns of 


Subrahmanya 1-2 

48-9 

Sastf 1 .44-6 

50, 53-4 

47-58 

55-8 

59-61, 63-5 

59-60 

83-5 

74 

Prayer hymn 1 , 


86-92 

75-8 

Prayer hymn 1 , 


93-5 

79-80 

96-9 

81-2 

100-6 

83 

110-86 

88-130 

190-8 

135-40 

In chapter 1, only the topic of mantropadesaprakara (10 verses) 

and the contents of verses 71 - 

7 of PB are not seen in TS. On the other 

hand, the idea of a few verses such as 5 and 39 - 41 of TS does not 

appear in PB. 


Coming to chapter II, the contents of both the works are the same. 

Almost all the verses seem to 

be word-by-word translations. 


From chapter 111 onwards we may point out a few examples: 
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PB 

TS 

III. 1-2 

lil.l 

IV.94-95 

IV.1 15 

V.1-2 

V.1 

VI. 194-97 

VI. 136 

VII. 1-2 

VII. 2 

VIII. 158-61 

VIII. 128-9 

IX. 63-4 

IX. 47 

X.64-6 

X.1 5-6 

XI, 179-82 

XI. 81 

Beginning prose portion 

XII 

XII. 1 


of HV T th the WWks deals with the "teals, definitions 

of things for worship and other matters which were not treated in the 
previous chapters. There we may compare, for example: 

PB XIU2S-30 rs XI!. 27 3-4 

This comparative study of the verses, taken from the beginnine 
mufdle and the end of the chapters in both these treatLs ^ 
W.thout any doubt that the similarity of ideas is striking in a majority of 
cases; it appears to be a word-by-word rendering. J Y 

..... 1J ' 3 ' 1 199 ' ^-325, 111.160, IV.96, V.137, VI.198 VII. 178 

, ^ X ‘ 585 ^ XI. 232 and XII.231-8 make it clear that the 

Put na «/f~ W ° rk Kri y §ad] P ika and that it is known as 

and thaf °' P °! avarBhg ? a (Polished in the name Putayur Bhasa) 
and that the author of the work is Vasudevan ofVontottam 
{sumanovatika is the Sanskritized form which is seen in PB XII 233) 
Who is a devotee of Cellurnatha (God Siva of Talipparamba) » 

S7 S[ 5afika,a " Namb °° di -» h ° » £ publisher 
Of BIT and Kakkad Narayanan Namboodiri, who was a well-known 

antr, the phrase celluradhipatijyeyam (PB XI.237) denotes the Kali 
ronogram whicn corresponds to A.D.l 343. We know that the Kali 
chronogram in TS XU. 2,5 i.e. ' k alyabde s vatlyatsu na „ danaya ™ 
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i ambhodhisankhyesu’ corresponds to A.D 1429. Thus it can be seen 

j that TS was written 86 years after the composition of PB. 

\ According to tradition, there were sixty-four Brahmin villages in 

ancient Kerala (32 in the Tulu area and 32 in Kerala proper), and 
Peruncellur (modern Talipparamba) was very much prominent among 
them. In Kathakali, Kudiyattam and other temple art forms even today 
artists feel extremely proud of getting recognition by way of 
l presentations from Perumtrkkovilappan, the deity of Talipparamba, in 

the village temple of Peruncellur. Similarly, tradition maintains that in 
j all matters Peruncellur was the unquestionable authority. Tantra was 

j not an exception to this. 6 Thus it is quite appropriate to hold that PB 

! originating from Peruncellur, was considered an authority in the field 

of tantra and that in order to popularize the ideas of PB all over India, 
j Cennas Narayanan Namboodiri composed this tantra work in Sanskrit, 

j Regarding the situation prevalent four or five centuries back, this was 

really possible. During that period, Sanskrit was the scholarly language 
at an all-India level. Only a work written in that language could enjoy 
I nation-wide recognition and fame. 

According to some scholars, Bhagavata was composed in 
Sanskrit in the 9th century A.D. by a South Indian poet with a view to 
j making popular all over India the emotional devotion which was 

propagated by the Alvars in the whole Tamil country through their 
Tamil songs. It is well known that now-a-days, in order to gain popularity 
! all over the world, we publish in English ideas already available in 

regional languages. The status English occupies today was the one 
enjoyed by Sanskrit in the early and medieval periods in India. In this 
circumstance, it can be presumed that the contents of PB were made 
availabe in Sanskrit in the form of TS. 

Now there may arise a question: If this is the case, then why did 
Cennas Namboodiri not give any acknowlegdement of this in his 75? 

; The answer is clear : He had already admitted that he composed the TS 

: collecting matters from a number of tantra treatises. 7 He did not mention 

the name of any text. So he did not refer to PB also which he mainly 
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depended upon. Another reason for not mentioning the name of PB 
may be that it was a Malayalam (Manipravala) work. A few texts like 
Manusya/ayacandrika give a comprehensive list of works that they are 
based on. Even there we do not find the name of any non-Sanskrit works. 

On the other hand, if PB was written , imitating and depending 
on TS, that fact would have been acknowledged in the work itself, just 
as in the case of the Kuzhikkattu pacca, which is an adaptation of TS 
and PB would have been known to us as an adaptation or free 
translation of TS. It is rather strange that in a regional language work, 
acknowledgement of the original Sanskrit is not made, especially of a 
reputed work like TS. 

Thus we may come to the reasonable conclusion that the Kali 
chronogram in PB is to be taken as seriously as the one in 75andthat 
TS was composed, imitating and depending upon PB as a free 
rendering of it 8 . 
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feel a psychological resistance to accept his thesis. TS is studied as 
a text book on Kerala temples, and also those in Tulunad. K.P.C. 
who translated it into Malayalam had not consulted it. 

The Kali date of PB is not certain, though possible. The similarity 
between the two works is striking and the dependence of one on 
the other is certain. A detailed comparative study may help us to 
decide the truth. We are thankful to Prof. Unithiri for ^raising this 
problem to the attention of those working in the field.” 

* 


I 

l 
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Manusyalayacandrika 

Jyotsna G 

Architecture is one of the fields of technical literature where 
Sanskrit had its landmark. The foundation of architecture or vastusastra 
is found in the Sthapatyaveda which is a part of Atharvaveda. This 
contained treatments on mathematics, graphic arts, structural 
engineering, sculptural arts etc. The treatments of vastuvidya is also 
found in the samhitas and puranas. For eg:- Matsyapurana describes 
architecture and sculpture. Natyasastra and Padmasamhita contain 
elaborate treatment on design and construction of theatres and planning 
and construction of temples respectively. 

Vastuvidya is also included in Varahamihira’s Brhatsamhita of 
about 6 lh centuary A.D. Later some more books came in this field like 
i) Isanasivagurudevapaddhati, ii) Kamikagama, iii) Samarankana 
sutradhara, iv) Mayamata , v) Manasara etc. However the variations 
caused by the geoemtric and climatic features are accommodated in 
regional texts like Tantrasamuccaya of Cennas Narayanan Namboodiri, 
SUparatna of Srikumara, Manusyalayacandrika of Tirumangalath 
Nilakanthan Musat. These books cover the vastuvidya practiced in 
Kerala. 

Of these books Manusyalayacandrika (MC) is the most popular 
among the artisans and sthapatis in Kerala. 

As the name denotes MC deals with domestic architecture. The 


author himself gives his identity in the beginning of the text: 

cfrlHMdf ^Wfcf i I (1.3) 

Enshrined in Srimahgala (Tirumaiigala) ksetra, the elephant- faced 
Ganesa, who is the refuge of good people, who is beloved of Siva, is 
worshipped by all, who is the son of revered Parvati and who grants 
the wishes of the devotees, remains with glory. 1 

In the beginning itself he pays tributes to the deities in temples 
near Tirur. In MC and Kavyollasa, which is the author’s another work, 
he pays tributes to the deities of several temples which are all in 
Prakasavisaya (Vettattunatu), a place near Tirur. From all these evidences 
we can understand that the author lived at Tirumaiigalam near Tirur. 

In the first chapter of the book itself Nllakantha mentions that 
Tantrasamuccaya is one of his source books. He quotes his 
references as follows: 

Sft+MHl[ef*fgl T r * TT trFErf^T I I 

TTTTR I ft yl xh -t H I d cfT- 

^rrrrr ^ A -m d ^ h i l 

qj^TWit ^ftrr%crt [cicu^ud ^T^rmf^fTT 

■i'Ji q | la ^9^3^ cl I I 

This shows that MC was written after Tantrasamuccaya. In 
Tantrasamuccaya the birth of the author is given in Kali year as 4529 
corresponding to 1429 A.D. From this we can say that Nilakantha 
lived after 15 th century A.D. 
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Ullur. S. Parameswara Iyer says that the author of MC was 
a disciple of Kelallur Comatiri. The Kali year of Comatiri given in 
Tantrasangraha corresponds to 1501 A.D. From this we can 
assume that MC was composed in 16 th century A.D. 

The construction of residential buildings forms the subject matter 
of MC. The author himself says that he had referred to agamas, samhitas 
and treatises available at that time. He accepts the procedure of 
Tantrasamuccaya. Nilakantha studied all the available books of his 
time for writing MC. He critically studied the practices in different 
parts 01 tiie country and adopted only those which appeared him to be 
acceptable. The basic techniques, theories and philosophy of 
vastuvidya related to residential buildings have thus been unified in 
this text. 

The text is divided into seven chapters. 

In the first chapter N ilakantha makes clear his references. It deals 
with the guilds of craftsmen and duties of each guild. It gives rules for 
the selection of land. It is said: 

^nrr yrTTTTT 

sfftTTT uMcHl Qd | ifr I 

'iTTtm dHfRfyq-Tldr M^tt *par*rr 1 1 (i. 1 7) 2 

The land, rich with the presence of cattle, human beings, flowering 
and fruit-bearing trees and trees extruding milky sap, level, sloping \ 
towards east, smooth, producing good sound (while walking or 
tamping), with water flowing in clockwise direction, causing speedy 
germination of seeds, well compacted, having perennial source of water 
and with moderate climate is said to be very good. If the characteristics 
are opposite (to those mentioned) the land is said to be bad and if they 
are mixed, it is said to be in between (good and bad). 

Site to be avoided, desirable and undesirable, slopes of the land, 
position of trees in the compound, restrictions for construction of houses 
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near temples etc. are also dealt with here. 

It is given as follows: - 

TfGCT ^ yfttfr fWnyf tiftwrl 

czrryy Tttbi 

TTtyf ^1357 1 1 (11.27) 

(There was a haughty demon who subdued all the world by his 
strength, valour etc. and because the enemy of gods, he was exhausted 
in battle and was made to fall on the ground. Then filling everywhere 
and circling several times, he agitated the earth. Then the humans 
became sad. So also the sages and gods became sad.) Again it is said: 

cTTy^T«Prrt Win 

37TTT y Mill'd STtW 

c UdT^d,: ferr^T? fdcjyi-Ki-ty ^ ^ u 'kT 1 I (11.28) 

(He lay flat face upwards with his legs in Nirrti - South West - 
corner and head in Tsana - North East - corner, always filling 
everywhere especial ly cities, towns, land, quadrants of plots, yard etc. 
like the akasa in small as well as in large pots. Then suddenly the gods 
permanently occupied on his body.) 

The concept of vastupurusa is a basic concept of vastusastra. 
Every vastu, whether it is large cities or small rooms is pictured as a 
field in which the vastupurusa is lying flat with face upwards. This 
chapter also describes the padadevatas, etc. 

Third chapter describes the measurement used in vastuvidya. It is 
recommended on the use of scale as follows : 

xldTdTtTTWfacldT' I 

yr?fr Te^cfTs^- Try-sfy xf 1 1 (m.12) 

[That hasta, which was established earlier as being made of 24 
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matragulas, is respected everywhere. All the others are differing opinions 
(beliefs) and are liked in some places on the basis of their suitability]. 
This stresses the universal acceptability of kisku (of 24 uttamangula) 
which is the most popular cubit. Rules for planning settlements, yoni 
concept, factors of aya, vyaya etc. are also described in this chapter. 

In Chapter IV characteristics of different classes of buildings, the 
procedure of jointing wall plates etc. are detailed. The characteristics 
of visuddhabhinnasala, slistabhinnasala, samslistabhinnasala etc. are 
given in detail. 

The fifth chapter discusses the parts of house. The author says 
about the site for drainage thus: 



(For the flow of water from the outer and inner yards and to avoid 
the defect of depression in the middle, the entire area earmarked for 
the building should be raised by 8, 12 or 16 ahgulas with soil, stone 
etc). 


The sixth chapter discusses the elements of roof. The uttara 
used in smail and large houses are shown as below: 


rPJTRT TPJcTH' I 

cTFTcT f cj -r-^i M l I ^4 fd : I I (VI. 1 ) 

(In small houses, only the outer bahyottara is sufficient; in large 
houses the raised uttara also occurs. That is to be done over the tie 


beam with inward. Shift of 8, 16, 24 etc. ahgula and yonis etc. 
prescribed for that house. Its rise is same as the shift. The length of the 
supporting strut of the beam is equal to its diagonal.) 
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In chapter VII the description of ancillary structures is given. The 
portion and details of doors, location of main entry and exit doors of 
buildings, location of farm house, well, etc. are discussed in this 
chapter. 

A4Cis much popular in Kerala. More than a dozen commentaries 
written in Malayalam show the popularity of the book. This book can 
be followed by those who have some knowledge on vastuvidya. Several 
translations in Malayalam helped the craftsmen to understand the work. 
It gives a systematic procedure for planning, designing and constructing 
houses together with ancillary structures. A4C may be the first attempt 
to elevate the construction of house buildings from the level of a craft 
to that of a science. 

References 

1 . All translations of the verses are taken from Manusya/ayacandrika 

bhasya. (I. 7, 8) 

2. This verse is identical with 75, 1.30. 
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Silparatna 

N. V. P. Unithiri 

Silparatna {SR) is an important Kerala classic on traditional Indian 
architecture written in Sanskrit. Three other works are also equally 
important, namely, Tantrasamuccaya {TS? by Cennas Narayanan 
Namboodiri (15 th century A.D.), Vastuvidya 3 of unknown authorship, 
and Manusyalayacandrika {MO* by Tirumahiialattu Nilakanthan MOsat 
(1 6 century A.D). It is to be noted that SR is the biggest one among 
these. 

The author of SR is Srikumaran Namboodiri, son of Raman 
Namboodiri, who belonged to Bhargavagotra. Srikumara was in the 
court of King Devanarayana (Puratam Tirunal Tampuran of 
Campakasseri of South Kerala), who was the patron of Melputtur 
Narayana Bhattatiri, the famous author of Narayanlya, Prakriyasarvasva, 
Dhatukavya and a lot of Campuprabandhas. It was according to the 
suggestion of King Devanarayana that Srikumara wrote SR 5 . Thus we 
can assign Srikumara to the 1 7 th century A.D. It is assumed that the 
birthplace of the author is Ciramelkatu (seturdhvakanana is the 
Sanskritized form) near Kunnamkulam in Trissur District 6 . 

SR is printed in two parts. Part 1 contains 46 chapters. In total 
there are about 2480 verses. The first chapter begins with a few 
salutary verses. After saluting Brahma, Visvakarma and Maya, who are 
appropriate to be propitiated in a work like this, the author offers 
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obeisance to his family deity, Subrahmanya, and to the sages like 
Matanga, Bhrgu, Kasyapa and Agastya, and to his father. Then he says 
that he has written this work at the instance of the king of Campakasseri. 
Following these salutations, the author gives the contents of the book. 

In the first chapter, the author takes up the definition of acarya 
(learned preceptor). Here we have the definitions of different kinds of 
silpis (building craftsmen), namely, sthapati (master builder), sutragrahi 
(supervisor), taksaka (shaper of building components) and vardhaki 
(one who assembles the different building components). The thirtieth 
verse in this chapter is identical with TS, 1.5. The verses 35-37 are 
similar to MC, 1.1 1 -1 3 7 . Various types of measurements like paramanu 
(the smallest linear mesaurement), trasarenu (the minute aerosol seen 
in a dark room when sun’s rays creep into it through crevices), valagra, 
liksa (8 trasarenus), juka (8 liksas), yava (barley grain- a linear 
measurement equal to 3.75mm.), manahgula (the standardized measure 
of ahgula, by equating it to the grain size 6, 7or 8 in number denoting 
the minimum, median or maximum width), matrangula (mesaurement 
of ahgula related to the body mesaure), musti (fist- three angulas), vitasti 
(1 2 angulas), hasta or kisku (standard hasta equal to 72 cm), danda (96 
angulas) and yojana (8000 danda) are described in the next chapter. 

Chapter 3 contains the definition of different sorts of site like the 
best, mediocre and the lowest; purna (land located on top of plateaus 
or mountain valleys), supadma (land in the plains with favourable 
conditions of water and flora), bhadra (land located at the side of sea, 
river or lake with good resource of water and facilities for cultivation) 
and dhumra (arid land with hard ground, wild vegetation and wild 
animals); and varuni (western), aindri (eastern), agneyi (south eastern) 
and vayavi (north western) . Details of trees to be planted and those to 
be avoided in the surroundings of buildings are also given here. The 
characteristics of vithi (path) to be constructed in the premises of the 
buildings are also noted. The fourth chapter describes how to select 
the plot and fix the sahku (gnomon) for marking centre of the dwelling 
place and to plough the land. Good and bad omens are noted in this 
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connection. Then the author takes the definition and other details of a 
plough. Sowing seeds, watering them and cutting them after their 
growth, and giving them to the cattle, and repetition of the same for a 
few days, are described in the end. 

In the fifth chapter, we have the definition of mahgala (Brahmin 
settlement), pura (town of religious or residential importance), grama 
(village) and matha (abode of seers). Then come the 
definition and description of village, khetaka (tribal settlement), kharvata 
(border settlement), durga (fort), nagara (large urban settlement), 
rajadhani (capital city), pattana (commercial town), dronimukha 
(harbour town), sibira (military camp), skandhavara (cantonment), 
sthaniya (check post), vidambaka (village occupied mainly by 
cultivators), nigama (village occupied prominently by craftsmen) and 
sakhanagara (satellite town). Seven kinds of fort are described in detail. 
Size of village etc is given thereafter. Then the author explains eight 
types of settlement planning of village etc, namely, dandaka, svastika, 
prastara, prakirnaka, nandyavarta, paraga, padmaka and sripratisthita. 
These are differentiated mainly on the basis of the number of streets 
they have. In village etc, gardens, ponds, residence of people belonging 
to various castes and workers like carpenters are to be constructed. 
The proper places for them are prescribed here. Similarly, appropriate 
places for cooking hall, bedroom, recreation club and others are also 
pointed out. 

Next chapter is devoted for the description of different kinds of 
square ceil and their analysis by dividing the area into cells by means 
of grids. Seventh chapter is on vastupuja (worship of the dwelling place). 
In the following chapter we have the procedure of making entrance 
gates in village etc. Details of good and bad effects in constructing 
them in various directions are aslo noted. 

Ninth chapter prescribes the rules and regulations for the 
construction of temples in village etc. How to dig up the earth for the 
construction of the structures of sanctum sanctorum is the subject 
matter of the next chapter. In chapter 11, fixation of directions is 
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described. Garbhasthapana (establishment of sanctum sanctorum) is 
dealt with in the next chapter. 

Places where constructions are prohibited by scriptures are noted 
in the thirteenth chapter. 

In the next chapter the author describes the materials for 
constructing prasada (large building like temples and palaces). 
Definitions of various kinds of stones, procedure for making bricks, 
mortar, woods prescribed and prohibited, mud and metals- these are 
the subject of this chapter. Definitions of aya (income), vyaya 
(expenditure) and yoni (architectural formula for orientation) are the 
subject matter of chapter 1 5. These are described in various ways. 

In the following chapter we have the definition of prasada. Vimana 
is another name of prasada. Rules of the heights of various forms of 
prasadas like santika (propitiatory), paustika (welfare promoting), 
mahaprasada (large temple) and aipaprasada (small temple) are noted 
here. Different types of prasadas like nagara (square), vesara (circular) 
and dravida (octagonal), various kinds of mahaprasada (large temple) 
and padmaprasada (lotus temple) are also deait with in this chapter. 
Division of the basement of square cell is dealt with in chapter 17. 
General procedure of the construction of the base, the height or the 
platform below the basement, description of lotus temple- these are 
also described in this chapter. The next chapter deals with the definition 
of upapi tha (pedestal). Chapter 1 9 describes the basement. Descriptions 
of specific patterns of moulding of basement mancaka, padabandha 
and pratibandha, construction of kumuda, leveling the ground and 
necessary instruments for it are the topics dealt with here. Definition of 
avanata (A-shaped frame used for checking levels of ground), 
commencement of the construction of a house, patramana (horizontal 
distance from outside of wall plate to the outside of the basement) etc, 
and decoration are some of the other subjects treated in this connection. 
Description of mustibandha and the rules of the construction of the 
base for kutakostha etc are also included in this chapter. In the twentieth 
chapter, nala (stem) is defined. 
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The following chapter deals with the topic of wall, floor and 
pillars in detail. Matters pertaining to entrance gates are described in 
chapter 22. How to build sopana (a flight of steps) is also dealt with in 
the end. The next chapter is on ornamental decorations. 

Construction of ventilators is the topic of the twenty-fourth 
chapter. Kutakostha etc are dealt with in the following chapter. 
Chapter 26 is on wooden roof frames. Definition of vrttasphutitaka is 
dealt with in the next chapter. In the following chapter, the construction 
of kumbhalata is treated. Chapter 29 defines uttara (wall plate) and 
describes how to construct it. The following chapter describes the 
various methods of construction of prastara (entablature). The definition 
and construction of gala (neck or recess in a basement) are the subjects 
of the thirty-first chapter. The next chapter deals with the definition 
and construction of sikhara (roof). The definition of lupa (rafter) is the 
subject of the following chapter. Chapter 34 discusses how to place 
the bricks on the top of the construction. The definition and construction 
of nasika (nose) are dealt with in the next chapter. Matters connected 
with ksudranasika (small nose) are also treated here. Murtinyasa is 
described in the end. In the following chapter, definition and 
construction of stupika (finial) are dealt with. The rules of propitiatory 
temples and the like are discussed in chapter 37. Multiple storied 
temples having two to twelve storeys are also described in this chapter. 

Chapter 38 gives the definition of circular and hexangular shrines 
(vrttasadasra-prasadas). The next chapter is on mandapa (pavilion). 
Details of the construction of mukhamandapa (facial pavilion), 
arcanamandapa (pavilion on which deities are kept for worship), 
adhivasamandapa and natyamandapa (pavilion for performing arts) 
are dealt with here. In chapter 40, definition and construction of five 
types of prakara (boundary wall) and matters connected with dipamala 
(rows of oil lamps fixed on the exterior of them) are discussed. The 41 SI 
chapter is on the construction of gopura (gate tower). The construction 
of parivara (paraphernalia) is the subject matter of the next chapter. In 
chapter 43, we have definition and construction of balipitha (altar 
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stone on which offerings are made). Chapter 44 defines the dhvaja 
(flagstaff) and describes how to construct it. In chapter 45, definition of 
sandhi (joining the door panels) is dealt with. The next chapter, i.e. the 
last chapter of the first Part, gives a detailed account of the divisions of 
painting, the materials, the subjects, preparation of ground and the 
like. Here we have a clear picture of murals. 

SR (Part II) has 35 chapters. It contains about 2150 verses. 

After the salutary verse, the author says about the journey in an 
auspicious time for bringing out idols. In this connection, a list of good 
and bad omens is presented. If members of the party face bad omens, 
the journey should be postponed for a month and then, only on seeing 
good omens, they should start. Idols are seven-fold: that made of stone, 
j jewel, metal, wood, clay, mixture of some of these and that in the form 

; of a picture. There are four kinds of stone according to caste. White, 

red, yellow and dark stones are related respectively to Brahmana, 
Ksatriya, Vaisya and Sudra. Idols for different castes should be made of 
the respective stones. According to some scholars, all kinds of stones 
can be used for all kinds of idols. Masculine stones are used for making 
idols, feminine stones for pithas (elevated seats), and neutral ones for 
basement . Contrary to this will cause bad effects. Blemishes of stones 
are pointed out then. Images made of jewel are of eight kinds - that of 
crystal, ruby, diamond, sapphire, gold, lapis lazuli, coral and topaz. 
Gains to be achieved by worshipping different types of idols are then 
listed. It is also maintained that ruby is assigned to sun, pearl to moon, 
coral to mars, emerald to mercury, topaz to jupiter, diamond to venus, 
sapphire to saturn, cinnamon to rahu, and cat’s eye to ketu. Nine 
blemishes of jewel are also enumerated in this context, namely, rekha 
j (line), bindu (dot), kalanka (spot), kakapada (the sign of A ), ksata 

I (scratching), dhuli (dust), tusara (frostbite), trasa (alarm) and randhra 

I (hole). Metal images are divided into eight kinds - made of gold, silver, 

copper, brass, bell metal, iron, lead and tin. Different effects by 
i worshipping each of them are also described. Next comes the 

i description of wooden images. Elaborate description is given of making 
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idols from clay. There are two types of them: half-cooked and fully 
cooked. We get a phallic image made of the mixture of many elements, 
when a wooden dart decorated by metal fillet is coated by clay and 
then heated. Images painted on walls are also mentioned. Wooden 
and clay idols fulfill all of your wishes at all time. Jewels can be fitted 
on clay idols. Images made of sand, cow dung, rice-powder, rice, 
molasses, fruits and clarified butter are to be given up daily, when 
their worship is over. Elevated seats are not necessary for these idols. 
They may be made as and when we want. Descriptions are given here 
how to make elevated seats for idol. Elevated seats can be made for 
each type of idols with the same materials by which they are made. Or 
we can have wooden seats for stone idols, golden or si Iver seats for the 
idols made of jewel. 

Definition of a phallic image is the subject matter of the second 
chapter. Eight kinds of images are enumerated. They are divided in 
many ways. Niskala (one without any limbs), sakala (one with limbs) 
and misra (mixture of both) - this is one division. Ac.ala (immovable), 
cala (movable), and calacala (movable and immovable) - this is another 
one. Image with limbs is of five types - citra, ardhangadarsana, 
ardhacitra, citrabhasa and lekhya. The same image is divided into the 
best, median and the lowest. The image, which is installed with treasure, 
pot, etc, is called immovable. The one that is worshipped placing on 
an elevated seat is movable. The image, which is painted on cloths by 
minerals and paints, is called immovable. In another way, a phallic 
image is divided into nine types based on placement and measure - by 
sanctum sanctorum, door, pillar, base, kisku and by the measure of 
the height of the owner. Measurement of Sivalihga; phallic images 
allotted to anuloma and viloma castes; measurements of them assigned 
to human beings, demons and gods; those belonging to the lowest, 
median and the highest categories and their measurements; elaborate 
construction process of metal image; measaurements of idols to be 
installed in square, circular and octagonal temples; divisions of images 
into sarvasama, samamsa, vrddhyuttara and isadhika types and their 
measurements; characteristics of four phallic images, namely. 
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sarvatobhadra, vardhamana, isadhika and svastika; division of phallic 
image into square etc; ratio of measaurements between phallic image 
into square etc; ratio of measurements between fallic image and the 
elevated seat; special features of the Sivalihga, namely, chatra, trapusa, 
kukkutanda, ardhacandra and budbuda, and their mesurements; 
division of phallic image into sthulamOla, sthula, krsamadhya, 
sthulasiraska and their description; division of the same into arsa and 
svayambhuva and their description; details of banalinga - all these 
can be seen in this chapter. 

Content of the third chapter is laksanoddhara. The construction 
of mukhalinga and structure of architectural formula of orientatiom, 
week, etc, are also decribed here. The fourth chapter deals with the 
height of the idol having limbs. The fundamentals of the rule of the 
modular unit of dimension in terms of face length are also described 
in this connection. In chapters 5-1 5, the descriptions of uttamadasatala, 
madhyamadasatala, adhamadasatala, uttamanavatala, 
madhyamanavatala, adhamanavatala, astatala, saptatala, sattala, 
construction of Vighnesvara by uttamapancatala and 
madhyamapancatala, and catustala are given. The contents of the 
sixteenth chapter are the construction of crown, ear-ring, necklace, 
brace-let, upper-arm-let, mudrakas, different forms of hand poses like 
varada, sacred thread, thread on the chest, cannavira, garland, rosary, 
skandhamala, thread on the waist, jalaka, serpent being brace-let, 
garment, bow, arrow, axe, deer, disc, conch, damaru (a small drum), 
earthen or wooden water-pot, lotus-seat and naja below it. Chapter 
1 7 describes the making of darts of various gods and goddesses. Binding 
with string is the content of the eighteenth chapter. Here it is described 
how to construct the binding with string after covering the dart with 
veins - the dart, which was already established with astabandha. 

Anointment over the image by specially prepared clay is 
described in the next chapter. Details of the preparation of the 
particular clay can be seen here. Chapter 20 deals with the description 
of the goddesses and Kumara (Subrahmanya), who are to be installed 
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along with gods. Details of their measaurements are also given. In 
chapter 21, we have the measurements regarding the construction of 
‘gods’ vehicles like ox, horse and elephant. 

The next four chapters present the verses to be meditated in relation 
to various gods and goddesses. The first among them, ie, chapter 22, 
consists of verses regarding Siva. Sukhasana (easy sitting pose), 
Somaskandesvara (the form in which Parvati sits on the left of 
Sukhasanamurti in the same seat and Skanda between them sitting or 
standing or dancing), Candrasekhara (having moon on his forehead) in 
five forms, Vrsarudha (ascended on an ox), nine Nrttamurtis (dancing 
forms), Gangadhara (bearing the Ganges on his head), Tripurantaka 
(destroyer of three cities) in eight forms, KalyanamOrti (auspicious form), 
Ardhanarisvara (one having half-male and half-female bodies), 
Gajaghnamurti (one who kills an elephent), Pasupata (one having the 
form of an ox), Kaiikalamurti (a skeleton form), Harihara (one having 
the forms of Visnu and Siva), Bhiksatanamurti (one having the form of 
begging alms), Candesanugraha (one having the form of blessings of 
the husband of Canda, a goddess), Dharmavyakhyana-daksinamurti 
(Daksinamurti in the form of interpreting dharma or righteousness), 
Vinadhara-daksinamurti (Daksinamurti in the form of playing Lute), 
Jnana-daksinamurti (Daksinamurti in the form of knowledge), 
Yoga-daksinamurti (Daksinamurti in the form of practicing Yoga), Kalari 
(destroyer of Time), Lingodbhava (originated from lihga), Sivapancaksari 
(the form of five syllables denoting Siva), Rudra, Prasada, Mrtyunjaya, 
Saiva Astaksara (the form of eight syllables regarding Siva), Aghora, 
another type of Mrtyunjaya, Cintamani, Anustup, Samvada, 
Saktipancaksari, Kalari (2) , Kinnara Siva, Raksoghna, Murtis like Sadyojata 
- verses in regard to these different kinds of Saivamurtis are given in 
this chapter. Sivasripahcaksari verse of this chapter is taken from TS 
(VII. 66). Chapter 23 contains verses to be meditated in relation to 
Visnu. Astaksari, Gayatri, Srikarastaksara, Sudarsana, Nigrahacakra, 
Nrsimha, Vidarana Nrsimha, Sadaksari, Varaha, Caturaksari, 
Dhanvantari, Hayagriva, Kartavirya, Sripanca mrta, Santlnagopala, 
Avahantl, Purusasukta, Laksminarayana, Dvavimsatyaksari, 
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Vimsatyaksarl, Astadasaksari, Sriramasadaksara, Ramadhyanabheda, 
Gopalakabheda, Srlkarastaksarabheda, Dhanvantari bheda, 
Astadasaksari bheda, Kesava and others, Varahabheda, Visvarupa, 
Weapons - verses to be meditated in connection with these deities are 
given in this chapter. The place of weapons in worship and the like is 
also described in the end. Chapter 24 contains verses to be meditated 
in ragard to Sakti. Muladurga, Lipi, Bhuvanesvari, Hrllekha, VagisvarT, 
Sri, Tvarita, Dhumavatl, Kali, Bhelakhi,_Matahgi, Saktipranava, 
Vanadurga, TrailokyamohinI, Samvit, Indrani, Svayamvara, Pranasakti, 
Asvarudha, Vajraprastarini, Nityaklinna, Srisukta, Triputa, Tripura, 
Bhumi, SulinT, Gayatri, Gayatri Tristup, Saurl Caturaksari, Annapurna, 
Saptamatrs - verses to be meditated regarding these goddesses are 
presented here. In the end of this chapter, permutation and combination 
of Srlcakra are also given. Chapter 25 contains verses to be meditated 
relating to other deities like Indra. Indra, Aindri Gayatri, Aindri Tristup, 
Agni, Samvadagni, Samardhi, Raksohagni, Yama, Nirrti, Vayu, Soma, 
Brahma, Sesa, Mahaganapati, Bljaganapati, Heramba, Balaganapati, 
Subrahmanya, NagayaksI, Sasta, Prabha, Satyaka among Misramurtis; 
Anustuptraya, Saktiganapati, Laksminarayana, Ardhanarisvara, 
Sankaranarayana, Surya, Saura Astaksara, Kama, Virabhadra, Hanuman, 
Garuda, Asvins, Pitrs, Apsarases, Saptarsis, Ekadasarudras, Ksetrapala, 
Vamana, Nrvaraha, Nrsimha, Trivikrama, Matsyamurti; Kurma, Brahma, 
Kumara, Naga, Asuras, Danavas, Pisacas, Vetalas, Grahas, Grdhras - 
verses related to these deities are cited here. 

Chapter 27 presents the descriptions of elevated seats, etc, 
padmapltha, na|a, definitions of image, phallic image and elevated 
seat are dealt with first (XXVII. 1 , 3 and 4). Then the author gives the 
measurements and other details of elevated seats in nagara, vesara and 
dravida; merusundara, laksmlsundara, visnusammilana, padmabhadra, 
samarigabhadra, rudrakanta, somakanta, sarvangabhadraka, srikara, 
pustivardhana, saumya, the construction of the seat of Sivalinga, the 
division of the parts of the elevated seats, nala, base stone, brahmasila 
like nagara, different seats accroding to place and sitting posture - these 
are also dealt with here. 
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Chapter 28 enjoins the rules and regulations of the installation of 
images. Rules of installation; construction of pots, etc, for sowing seeds; 
definitions of palika, ghatika and sarava; the height of elevated seats; 
fire-vessels in the form of square, yoni, half-moon, triangle, circle, 
hexangular, eight-petaled and octagonal: characteristics of the pots, 
namely, sruva, juhu and mahasruk, bhadraka, cakrabja, saktidanda, 
saddala and svastikabhadra; the rules for installation etc; installation 
of idol with that of elevated seat - these topics are treated in this chapter. 

Renovation is the subject matter of chapter 29. The construction 
of a temporary small shrine, niskramana and sahkocana are dealt with 
here as part of the renovation. Chapter 30 describes lingaprlsadavidhi. 

The content of chapter 31 is the construction of residential 
building. Suggestion of the content of the present chapter, rules 
regarding the length and breadth of the base according to different 
castes, construction of fence, rampart, etc; fixation of sutra and street 
etc; yoni and the like, construction of houses with two halls, three 
halls and four halls; varieties of halls; construction of door etc, and 
buildings nearby the main one; measurement of danda and dvara; 
construction of a house having four halls in a different way; sixteen 
types of houses; construction of various kinds of royal residences 
according to number and measurement of pillars; construction of 
buildings around the royal house; oblations to vastu; house warming 
of kings - these are described in this chapter. Chapter 32 deals with the 
problem of well. The next chapter contains the definitions of 
paraphernalia like seat. Construction of seat, fan, umbrella, bed, five 
vechicles, namely, palanquin, sukhasana, chariot, boat and raft; eight 
kinds of bed, pillow, shoe, measurement of kutuba etc; mortar and the 
like, balance, oval vessel filled by oil, water machine, sugar cane 
machine, nadiyantra and golden wedge is described in this chapter. 

The wage-rate of labourers is the content of the next chapter. 
Knowledge of the value of a khandi of wood, wage for sawing, 
tearing, chiseling and polishing, wage for making of idols and the like, 
wage for making of metal ornaments and the like - these are the contents 
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of chapter 34. The last chapter of Part II, i.e., chapter 35, deals with the 
construction of weapons. Making of bow is mainly described here. 

From the above description, we may come to the conclusion that 
SR is a milestone in the field of Kerala architecture and 
iconography and that the study of the work will yield, to a large extent, 
the result similar to that of the study of TS and MC together. 

Mention may be made in this connection on a short tract by name 
Bhasasilparatnam 3 . This is an abridged Malayalam version of SR. The 
first part of it contains 550 verses and deals with temple 
architecture. The second part has only 59 verses and describes the 
construction of residential buildings. It is this short Malayalam version 
of SR that had been used by traditional carpenters for the last few 

centuries. 

Appendix 

List of verses in SR identical with those in TS, MC and SS 


1. 30 

TS 

1.5 

3. 1, 2 


1 .30, 31 (MC 1 .1 

3. 5-8 


1 .41, 39, 40, 42 

3. 14, 16 


1.32,33 

3. 17 

MC 

1 .32 

4. 4 


1 .54 

7. 64 


1 .70 

9. 1,2 


1 .28, 29 

9. 16 


2.2 

10. 4, 9 


1.59, 12.3 

1 1.17 


12.2 

1. 22 


12.23 

12. 11 


12.6 

12. 24 


12.4 

12. 34 


12.5 

14. 10,1 1,15 


1. 132,131,133 
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15. 12 

16. 2,4,29-31,36,51 

17. 1 1,12,23,27,32 

19. 39,74,75,1 16 

20 . 1 , 2 

21 . 1-4, 16, 18, 21, 
41,51 (twice) 52, 

22. 1-3, 25, 29, 38, 
95, 100,104 

23. 1,29,33-35 

25. 1, 5 

26. 2 
28. 1 

29. 1,7,31,32 

30. 2 

31. 15-18 
33. 1,57,64 

36. 7 

37. 2 

38. 3,6,11,14-16 

39. 1,13 

40. 4,8,14,15 
44. 11 

SR Part II 

2. 14,18,19,66, 
67,77,78, 

3. 8-10 

4. 1,18,30,31,52 
6. 6-8 

9. 1-21 
14. 29 


2.5 

2. 1,7, -62-64, 55, 71 
2.8,9,57,11,12 
2. 14-1 6 
2 . 21 , 22 

2.21,22,17-20,36, 37, 

75 43, 38(2), 23-25 

2. 27-30, 26,31,32,34,33 

2. 35; 12. 22; 4. 65-67 

2. 39, 40 

2. 41 

2. 42 

2. 44-47 

2. 53 

2. 58-61 

2. 48-59 

2. 54 

2. 52 

2. 65-70 

2. 72,76 

2. 81,85,83,84 

6. 136 

TS 

2. 121,1 19,120,122-125, 
128,126,127 
2. 129-131 

2. 85; 12. 12; 2. 138,139,87 
2. 112-114 
2. 88-108 
2. 115 


References 


16. 1,65,66 
22. 180 
24. 2 

24. 4,76-85 55, 

25. 57,68,79 
27. 1,3,4 

27. 46,49,62-64 

28. 4-11, 14-29,30-45, 
49,50,55-57 

29. 1,2,10,34 

31. 22,23 
31 . Babe 
31. 1 9ab 
31. 74a 


2. 109,1 17,1 18 
7. 66 

7. 68 

3.1 03 (with some changes), 

3. 110-116,107-109 
7. 70,71,67 

2. 117,118,132 
2. 133-137 

12. 13-20, 24-39, 41-56, 
7-8, 9-1 1 
11 . 1 , 110 , 2,88 
(also 55. 6. 94) 

MC, 2. 16,18 (also 7.23) 
MC, 7. 1 6 abc 
A4C, 2. 7b 
MC, 7. 1 5a 


1. Part I (ed) by T. Ganapati Sastri, Trivandrum, 1922; Part II 

(ed) K. Sambasiva Sastri, Trivandrum, 1929. 

2. Ed. T. Ganapati sastri, reprint, Nag Publishers, Delhi, 1989. 

3. Ed. Chandrasekhara Pillai V and Balakrishnan Achari S, Trivandrum, 

1979. 


4. With an Engineering commentary by Dr. A. Achyuthan and Dr. 

Balagopal T.S. Prabhu, Vastuvidyapratisthanam, Calicut, 1998. 

5. Vide colophon to SR, Part I, p.258 and the verse 1.1 .7. 

6. Ibid. 1.1.4. 

7. SR reproduces several verses from TS, MC and Sesasamuccaya (55) 

(Published with Vimarsini from Trivandrum, 1952). For a rather 
comprehensive list, see Appendix. 

8. Ed. by Balakrishnan Achari, Trivandrum, 1976. 
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Bfhat Samhita 

P. Manoharan 

Varahamihira holds a unique position in the history of science 
and technology in ancient India. He lived in 5 th century A.D. His 
magnum opus Bfhatsamhita is really an encyclopedia of astronomical 
and other subjects of human interest. 

Varahamihira composed works in all the three branches of 
jyotisa viz; ganita (mathematics), hora (astrology) and samhita 
(astronomy). His Pancasiddhantika comes under the first branch. 
It summarises the five siddhantas current in his time, namely paulisa, 
romaka, vasistha, saura and paitamaha. Utpala’s commentary on 
Brhatsamhita. contains a large number of quotations from 
Pancasiddhantika. Varahamihira’s works in the other two branches 
are available in a double form Brhat (elaborate) and Laghu (abridged). 
Brhajjataka, Byhadvivahapatala and Brhadyatra along with their 
abridged versions, the Laghujataka, Svalpavivahapatala and Svalpayatra 
belong to the second branch. In addition, he has composed Yogayatra. 

Brhatsamhita is the master piece of Varahamihira and it is really a 
product of his accumulated experience. Utpala, the commentator 
thereof modifies his style as svalpam vrttavicitram arthabahulam 
natilaghuvipularacanani and called him as jyotissastrasangrahakrt. The 
term samhita means compilation. As such it cannot be an original 
work. It should therefore include details of many subjects found in 
various works. Bfhatsamhita forms an ideal example for samhita 
literature. Here what Varahamihira did in Brhatsamhita was to restore 
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the scientific tradition followed by his ancestors in the light of his 
own scientific outlook for the posterity of human generat.on. 

Scientific Tradition of Brhatsamhita and its Modern 

Relevance . . 

The greatness of Varahamihira lies in the fact that he explores m 

depth of the secret of nature and finds out practical ways for the 
welfare of human progress and for the advancement of c.v.l.zat.on- 
H?s intention to write such a samhita may be to apply h.s knowledge 
of science for day to day life. That is what is seen in the upanga 
portion of Brhatsamhita. While the ahga portion of the text wh.c 
consists of 'astrology and astronomy is purely theoret.ca land 
observational, the upanga portion is more related to pract.cal . 

Various topics of scientific interest are systematically and 
methodologically arranged in Brhatsamhita. A separate chapter o 
the text titled as Sastranukramam indicates his own met gy 

in arranging the topics to be investigated.This treatise may be regarded 
as a primary contribution of physical and biological sciences 
engineering, sculpture and medicine. This practice was followed 
by King Bhoja of Dhara in Malva (A.D.1 01 9-62), the author of 

SarasvatJkanthabharana, Yuktika/pataru and Samarangapa - 
sutradhara, and by King Somesvara, the author of Manasollasa (1 2th 
century A.D). This shows Varahamihira’s scientific and techno ogica 
influence on the subsequent generations. 

What Varahamihira did in Brhatsamhita is that he connects all 
the phenomena discussed in the text with jyotisa w ic 
comprehends a general collection of astrology and astronomy. 
Astrological perspective is seen in various scientific branches like 
engineering and applied medicines. Further he adopted an integral 
method of approach for finding solutions to the problems to be 
investigated. An elaborate chapter in the text titled as dakargala which 
is considered as an interdisciplinary faculty of vastuvidya proves this 
fact It primarly deals with various geological and biological 
characteristics as indicators for location of underground water veins. 
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Here in the methods of finding underground water based on the physical 
feature of earth brings out the importance of the preservation of 
biodiversity as part of water conservation and for the location of ground 
water resources. Varahamihira describes in detail the bio-geographical 
factors as water indicators. An example may be cited here: If there be 

an ant-hill to the north of an arjuna tree there would be water at the 
depth of 1 7 V cubits at a distance of three cubits to the west of the 
tree. Here the signs are that at a depth of 2 cubits there will be a white 
alligator, there at a depth of five cubits, grey clay, then dark, then 
yellow, then white and then sandy earth and beneath that abundant 
water will be found. 

This is very relevant in today’s context. Several crores are being 
spent every year for introducing digging technology without 
getting the idea of bio-factors as detailed in the text. 

The information furnished in Brhatsamhita proves that 
Varahamihira travelled almost all over India as well as abroad and 
collected data related to geographical matters, tribal life, botanical 
informations and species of animals, birds and fishes. The chapter titled 
as sakuna and virutam, though dealing with omens connected with 
astrology are really treasures of knowledge connected with the different 
species of birds, animals, reptiles and fishes. Here Varahamihira 
furnishes details of birds and animals as a natural scientist. 

Varahamihira’s regard for nature is reflected in most of the 
topics of Brhatsamhita. Chapters titled as kusumalatadhyaya and 
vrksayurveda respectively speak of natural methods of confronting 
economic problems.The introduction of herbal fertilizer and some kinds 
of herbal pesticides as mentioned in the vrksayurvedadhaya of 
Brhatsamhita is an asset for modern agricultural scientists and 
technologists especially in the context of the harmful side effects of 
chemical fertilizers and pesticides. The relevance of vrksayuveda topics 
of Brhatsamhita lies in the fact that several traditional agricultural 
practices which are of contemporary relevance would be brought to 
light for better yield. A detailed study of the botanical portions of the 
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work wi,l enable US to gain knowledge of ^ 

can provide insights for solution to several current y P , 

Prasad observes: »,n view ^o . e Parana ^^^est. Ration of 
in Indian economy, detailed ana y t app |i C able 

Varahamihira’s phonological indicators m ncies such as 

to different regions should be undertaken by and 

the Indian council of Agricultural Research / kgr ^ Division 

Universities, Departments of Forestry an ( , achieve rapid 

of the Indian Space Research Organ, zat, on ll.S.R.O) 

results in agriculture production . 


301 



Town Planning in Ancient India 

Anandakrishnan Kunholathillath 

The subject of town-planning was treated as a part of vastuvidya 
or the science of habitation in ancient India. Town-planning is given 
due importance even during the Vedic period. This science can be more 
clearly seen in Puranas and Itihasas. 

According to Indian mythology Visvakarma and Maya are the two 
great architects or town-planners of Gods and demons respectively. 
Alakapuri, the capital city of Gods and Lahkapuri, the city of Kubera, 
were planned by Visvakarma. Likewise the story of Tripura says that 
these cities were built by Maya. These three cities were belonged to the 
demons and were tightly secured by heavy walls.These stories indicate 
the antiquity of the concept of Indian town-planning. 

The escavations of Mohan-Ja-daro and Harappa also prove the 
knowledge of city planning of Indians. 

Indraprastha, Ujjain, Pataliputra, Ahicchatra etc were the old big 
cities of India. Rampart, roads, public buildings, drainage systems etc 
were the common features of these cities. 

Some towns grew up spontaneously, but others were built 
systematically. In a planned city, there were some basic principles of 
city planning, which can be observed and were strictly followed in 
their constructions. 


Town Planning in Ancient India 

There were some of the 

a „d villages in India from ancient ome^ ^ gr _ mak5et , a A „ types of 
city, there was a mam temp e 1 thi$ there ma y be a ditch, 

cities were surrounded by a wa ^ protected the city from an 

running from east to west and north 
attack. There were two ™' nr °l^™^ end of the main roads in the 
to south.There were four main ga Building suc h as hospitals 

middle of the outer wa to chouses (TratePT) etc were also 

(ffexras), colleges 0JPT3), libraries, r ^ pe ople of the same 
the peculiarities of ancient tow • on , y Bes ide the main street 

— - site plo,s - Houses are 

built on both sides of the streets . 

Selection of Site village the selection of land is very 

Before building a new city o ' S ^ ^ ^ se , ectlo „ „f a proper 
important. Vastusastra gavegrea P , ocation is finally selected 

5i V 0, r":.:dy TJi. environment etc. 

0n V Sites are generally classified under three categories, vrz, ,anga a, 

anupa, and sadharana. j Hrv wind blows which 

ffcj* ?TTT^TT 1 

ther water resources. It 

is JX fX -Action of new city. 

^ an ^' are intermingled is 

ASiteWhere ‘ h s ^S^<^ TWK* ^ ^ b neUh “ 

called sadharana- A 
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good nor bad. 

Types of Town 

Manasara of Manasaramuni classifies town into eight types 
according to their shape and method of street planning. They are 
dandaka, sarvatobhadra, nandyavarta, bhadraka or padmaka, svastika, 
prastara, karmuka and caturmukha. 

Aparajitaprccha of Bhuvanadeva describes twenty types of cities 
having their peculiar shapes: mahendra, sarvatobhadra, simhavaloka, 
varuna, nandyavarta, nanda, puspaka, svastika, parsvadanda, jayanta, 
sripura, ripumardana, snaha, divya, uttara, dharma, kamalada, sakrada, 
mahajaya and paurusa. Visvakarmavastusastra also describes twenty 
types of cities. They are - padma, sarvatobhadra, visvesabhadra, 
karmuka, prastara, svastika, caturmukha, sripratisthtita, balideva, pura, 
devanagara, vaijayanta, purabhedana, jalanagara, guhanagara, 
astamukha, nandyavarta, rajadhani, manusanagara and girinagara. 

Mayamata of Cannammacharya gives importance on street 
planning and classifies the cities into eight types called dandaka, 
svastika, prastars, prakirnaka, nandyavarta, paraga, padma and 
sripratisthtita. 

Bhoja’s Samaranganasutradhara and Kautilya’s Arthasastra also 
describe the cities, fortification etc. 

Silparatna of Srikumara is a sixteenth centuary work, which deals 
with the construction of houses, villages or cities and other allied 
subjects in its first part. According to Srikumara towns or villages are 
of fourteen types: grama, khetaka, kharvata, durga, nagara, rajadhani, 
pattana, dronikamukha, sibira, skandhavara, sthaniya, vidambaka, 
vigama and sakhanagara. 

Beside these, Agamas like Kamika and Samhitas like Padma also 
give details about this subject. Different works of different periods 
portray different types of towns according to their shape, street planning 
etc. Among these Manasara is the most scientific, popular, and so 
considerable. As mentioned above dandaka, sarvatobhadra. 
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of Manasara. 

1 D ~ CW 03^ ^--1^ 

planning, temple is not or Durga should 

deity such as gramadevata m th (t consists G f one to five 

be built near the north gate, outs.de streets are lined with 

parallel streets running genera y ea „ b | ocate d in any 

a double row of house. Market .and inhabitan ts. The 
suitable places for the bermjtage G f saints and gardens. The 

^r^r^uX erected on the east and the lake should be 

on the west. 

2 . sarvatobhadra of ,he city should be located 

This is square in form. In t temple of Goddess as in 

the temple. Outside of the wal * ere east to W est and north to 

dar.daka.Two large streets w I be mnn of four stre ets 

south in addition to residence of purapalaka or the 

are built resthouses for travelle • carpenters, goldsmiths. 

Police should be built near i - ( ive in the south and the 

coppersmiths and other wor shou | d be located on the south- 

houses of dhobies, potters and ^ ar north . wes t and the hospital on 
east. College should be erected on *e north wet : ^ ^ ^ 

the south-west. The waters she sh ° with four gates and a 

of the city. The city will be secured oy 
ditch. 

3. Nandyavarta either circular or square in 

The site of nandyavarta own circular site is 

sh ape.The town is surrounded by a wah a d d ,ch e of 

divided first into four quadrants by two large 
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God Visnu or Siva will be in the centre of the site at the innersection of 

^r a f h" eaCh qU3drant fr ° m three to streets are laid 
out with a row of houses on each side. 

Colleges should be located on the north-west of the city and 
osp.tal on the west. The palace, court of justice and all over state 
buildings are located in the western side. Tank and hermitage are near 
emple and theatre should be on the east.The whole plan should 
v.on tam not (ess than three thousand houses, but not more than four 
housand. There are four main gates and they shall be located near the 
four corners ,n the case of a square type. 

4. Padmaka 

water' ^he^tf used to be practically in an island surrounded by 

n ter. ,he whole town should be surrounded by a fort-wall The 
padmaka type town is laid out in four different types ie having four 
corn and f here should be gates in four dimctionj. Xe ^ 
to be constructed at the centre of the city. Tank is near to the tempfo 

^ str r ed 'T e nonhern part - Au pub,ic -o p „,d 

eastern '' ° P! a " d we 8 etable * a "s are buill in the 

for other anicles T The P liKe alloted fo ' ^ 

ror omer articles is the southern part of the city. 

5. Svastika 

. The , S ’ te may be either sc < LJare or rectangular in form The town is 
projected by a wall with a moat at its foot, filled with water Like in the 

= 7 th ° T’ 5, SVaSt,ka alS ° tha ™ ai " - located at the 

centre of the cty with streets around it. There are two main roads 

crossing each other a, the centre of the city and running east "o wet 

and south to north. There are eight main doors and out of them four 

ntrances are large and they lead to the two main roads of the city 

These entrances are closed by strong double doors and secured by 

strong iron bars. The royal palace should be erected in the west of thl 

and other r' nCe * Sh ° U ' d lie J' ust opposite to it. Court of justice 

and other Government offices should be located near the palace On 

east of the city ,s placed the temple of Sarasvat!; and the temple of 
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Jains should be located in the south-west only. Shrines of Ganesa and 
Kali are placed near to the four main entrances. It is said that this type 
of town is specially suited for kings because of its protective devices. 

6. Prastara 

According to the Manasara description, this type of town is either 
square or oblong in form. The town is enclosed by walls and ditches 
with four gates. In this plan the main roads are much wider compared 
to those of other patterns. The temple of God Visnu or Siva will lie in 
the centre of the site and a tank very near to it. Colleges and hospitals 
should be located in north-west and south-west part of the city 
respectively. 

In this plan, allotment of plots for people is treated in a different 
manner. The whole site will be divided as four equal wards firstly for 
the different classes of people. This distinction in the division is 
accounted for by the degrees of rank and wealth of the persons that are 
to occupy the ward. 

The ward of the poorest classes is divided into 36 equal blocks 
while that of the middle classes is divided into 25, that of rich into 1 6 
and that of the very rich into 9 blocks only. 

7. Karmuka 

The plan of this type of town resembles a bow, as the name 
suggests.This plan is adopted in the place where the site of the town is 
in the form of a bow or a semi-circular form. The karmuka plan is 
generally suited to a river bank or sea-shore. There are three such classes 
in this type, viz : karmukapura, karmukakhetaka and karmukakhadga. 

Long streets lined with rows of large and lofty houses, extensive 
bazarlines and temples are the peculiarities of karmukapura. 

Khetaka is generally inhabited by painters, artists and other 
workmen with their workshop. 

According to Manasara the main streets of karmuka town run 
from east to west or north to south. The streets are mostly lined by 
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houses on both sides. The temple of male deities should be built in the 
centre of the town on the main street. This type of town is commonly 
presided over by female deities also. This may be built in any part of 
the city. 

8. Caturmukha 

This is the last type of town, which Manasara canonizes. This is 
square or oblong in size. It is laid out east to west long wise. There are 
four big streets on the four sides inside the outer walls and two main 
roads running north to south and east to west, which are intersecting 
each other at right angles in the centre. The temple should be located 
in the centre of the city. There are four main entrance ways at the end 
of the streets to the city wall. 

After the Western rule in India, we are following the western 
concepts in town-planning also like in other fields. But, all these show 
our contribution in architecture espicially in town-planning like other 
branches of science such as astronomy and medicine. 

* 


308 


Vastuvidya and Ecology 

C. Rajendran 

Vastu, which is derived from the Sanskrit root vas , meaning , to 
dwell’ stands for dwelling apartments in a strict sense but the te rn 
vastusastra generally signifies architecture in Indian tradition. Here the 
term is used in the sense of India’s tradtional architecture especially as 
it developed in Kerala, where it is still practised. India has a continuous 
history of architecture from at least the time of Indus valley civilization, 
with different styles varying from time to time an p ace i o > p ■ 
Unfortunately, with the advent of modernism and ^ conseque 
massive urbanization, we have at present lost much of 1 ^° ' 
New building styles and techniques have replace the ones^ 
Consequently, we now lack a living tradition of our vastu P ract,c ^ 
"acJ o, cur country, which hah 

resources abundant in the country and which had eco friend y 
configuration. Now when the very agenda of modernity as come un 
shar^ scrutiny in the post-industrial and pos, .modern,* scenano. the 
tenets of vastusastra have acquired a new sigmficanc . Y 
proven their vitality and worth down the centuries while we areyet^ 
assess the full impact of the modern concrete jungle _ 

fragile environment. Here, an attempt is made to loo into vas u 
from an environmental perspective. 

Almost all treatises on vastusastra prescribe elaborate guidelines 


309 



Vastuvidya and Ecology 


Indian Scientific Traditions 

for the selection of a proper site for the construction of the dwelling 
house. This is in stark contrast with the modern practice of building 
houses in any place irrespective of the nature of the terrain. True, the 
problems created by rapid urbanisation do not leave much choise for 
us in the selection of site in modern times, but the prescriptions in 
ancient treatises should serve as some sort of guidelines for the modern 
town planners. Ancient treatises like Padmasamhita classify the terrain 
into four, mainly on the basis of the nature and locatoin of the site. 
Accordingly, the land situtated near sea, river etc. which abounds in 
water is called bhadra. It is ideal for the construction of house, as it is 
conducive to the growth of plants and trees. Puma is the name given to 
land on hillside favourable for the construction of dwelling houses. 
Supadma is the land in plains, also favourable for residential purposes. 
On the other hand, the land called dhumra has extreme climatic 
variations and rocky surface. It does not have enough water and also 
abounds in wild animals as well as poisonous plants. Needless to say, 
such land is not ideal for residence. 

According to texts like Manusya/ayacandrika and SUparatna i, ideal 
site should be rich with cows, human beings, flowering, fruit-bearing 
and sappy trees, of even level, sloping to the East, smooth, producing 
good sound (when walked upon), with water flowiing on clockwise 
direction. It should cause speedy germination of seeds, be compact, 
having perennial water and even in heat and cold. The land deficient 
in these qualities is bad, and that with mixed character is mediocre for 
settlement purposes. The land which is irregularly shaped and which 
is full of ashes, cinder, husk, bones, hair, vermin and anthill is also not 
recommended. Also, the land should not be concave in surface, foul 
smelling, and unmatching to the four cardinal directions. Land which 
is muddy, scorching in the sun, infested by pests, having scarcity of 
water, inhabited by demons, low-lying and rocky should also to be 
avoided. These stipulations seem to have been made to ensure that the 
land is rich in its biodiversity and conducive to the growth of trees and 
plants as well as friendly to animals. The stipulation that the site should 
be sloping to the eastern direction seems to be to ensure the availability 


was to ensure certain firmness for the ground. 

, ftitnaratna gives the following details of 

Srikumara, the author ofSilparatna, give 
the division of soil: 


Name Trees and plants 
purna plaksa, nyagrodha, 

nimba, arjuna, bakula, 
asoka, ankola, malati, 
campa, khadira, kodrava 
supadma karpura, aguru, coconut, 
sugrcane, tilaka, kadamba, 
arjuna, sandal, arecanut, 
ketaka, kusa, jasmine, lotus 
bhadra paddy, similar grains, 
trees used for sacrificial 

purposes. Fruit trees and 

flowering trees, 
arka, bamboo, vibhitaka 


Nature of soil 
plenty of water, high 
lying, suitable for 
residence 

abounds in water. 


fit for sacrificial priests 


dhumra 


rocky, thick, full of 
holes, dry, frequented by 
birds like hawks. Not ideal 
for sacrifiers 

Another classification of soli is the following: 

, , Features 

^ tender trees, flowering forests, full of lakes 

IZ'I sappy trees, plenty of water, paddy field 

- scarcity of water, presence of 

a8neyl vultures, pigs, foxes, crows 

_ t arid soil, full of cactuses and the like 
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Manusyalayacandrika. The work makes it clear that only places with 
perennial supply of water are fit for human habitation. Again, water 
should ideally flow in a clockwise direction, though the full implication 
of this stipulation is not known. 

Environmental considerations are again implicit in the prohibition 
of certain types of sites and soils to be used for building houses. Thus, 
land having the presence of ash, cinder, husk, bones, hair, vermin and 
anthill are not regarded as ideal. The reason seems to be that they must 
have been used for sacrificial purposes or as burial ground or dumping 
ground. Vermin and anthills are not good signs since they indicate the 
presence of termites and pests, which will be detrimental to the wooden 
and similar parts of the house. Land with concave surface is to be 
avoided, as it will have no capacity for wastewater disposal. Land with 
foul smell is to be avoided as it indicates degraded environment. 

Most of the treatises on vastuvidya maintain that all constructions 
should be oriented to the cardinal directions. In fact, an onlooker passing 
through highways in places like Kerala can readily see that most of the 
conventional buildings, constructed on traditional style are oriented to 
directions and not to the location of roads and the like. The reason 
seems to be the importance attached to the position of sun. Maximum 
presence of sunlight was ensured in houses at any cost. For this, the 
position of the sun in the uttarayana and daksinayana transits was taken 
into account. The climatic change resulting from the elliptical movement 
of the sun was also taken into consideration. 

Manusyalayacandrika and similar treatises give utmost 
importance to the plantation of various types of trees in different parts 
of the compound. 

Bakula (Mimusops elengi) and banyan tree (Ficus bengalensis) in 
the east and udumbara (F. racemosa) and tamarind (Tamarindus indica) 
in the south will bestow prosperity. In the west, asvattha (F. religiosa) 
and saptacchada ( A/stonia scholaris) and in the north, naga (Mesua 
nagassarium) and plaksa (F. microcapra) are prescribed. Jack tree 
(Atrocarpus heterophyllus), arecanut palm (Areca catechu), coconut 
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palm (Cocos nucifera) are especially propitious in the directions of 
east etc. (east, south, west, north) respectively. 

The rich insight on biodiversfty - - land implicit, n the £« 

ssr ons 

trees, wh,ch add t0 ^'^ngsTnd removes any alienation felt by the 
naturalizes the surrou 8 . the environment and they 

people. Plants have also a coo ing , karaskara (Tsrychnos 

ensure plenty of oxygen to the poisonous rees^ r i vr ksa (Gmelina 

nux vomica). Auspicious trees prescribed nc S ^ chebula) , 
u ooi hilva (Aeele narmelos), abhaya (Terminaiia cn 
arborea), bib/a (Aeg (PhyUanthus embilica), suradruma 

vyadhighna (Cassia fistula^, a as0 ca) maleyaka 

Pedros deodot), pa, IfafButea, tontosa , ^ J a na 

(Myristica ftagtans, and n.galat, (Piper 
betel). ( 

Thetypesoftreestobeplantdarealsodependentont e (<J 

the core. Accordingly, Manu f ya/ayacW tree , sarvasara 
classification of trees, viz, antassara (har ' fet outwa rds) 

(throughout hard) like tamarin an , ? pod) like sigru. The first types 

like palm, coconut etc and n.ssara softwood) ike rag 

should be planted in the inner circle Kumound.ng the hous^ ^ ^ 

TTohlt^rioVreavy 3' and wind, soft plants have every 
chance to fall down and thereby cause damage to the structure. 

We do no. know the full significance ^ 
certain trees a, =-Wn p “^^^ r ahons must have been 

that both environmental and ntuali Balagopal Prabhu, 

behind them. According to c y j- irect j on for trees like areca, 

Manusyalayacandrika prescribes sout ej^n in winte r 

- — — — ^ 
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trees will not block the sunlight coming from the south in winter due 
to the daksinayana movement of the sun. Similarly, trees with thick 
foliage were to be planted in the North, as they would be helpful to 
resist cold wind coming from the North. 3 It seems that ancient works 
on vastusastra were aware of the ecological problems caused by the 
pressure on land due to unbridled construction work. This is evident 
from the zonal restrictions for residences near paddy fields, mountains, 
temples, oceans, rivers, hermitages, and cattlesheds. We also find areas 
earmarked for residential purposes in works like Kautilya’sArt/jasasfra 
very much similar to modern practices in town planning followed in 
the developed countries. 

A unique feature of Indian residential architecture is the concept 
of vastupurusa, the mythical demon, whose body symbolically 
represents the site on which the buildiing is built. Vastupurusa 
essentially typifies on organic model, wherein the human edifice is 
conceived as an extension of the life force of the universe. This is in 
accordance with the ancient Indian notion of man as a part of the 
grand cosmic scheme and sharply contrasts with the European concept 
of mechanical structures, which are thrust on nature. There are sensitive 
areas in the body of vastupurusa, which cannot be tampered with in 
the construction of the building in Indian vision. Though the immediate 
scientific principle of such prescriptions is not known, it reinforces the 
basic notion of an environment-friendly approch to nature and life. 
Treatises like Manusyalayacandrika prescribe adequate precautions in 
house construction to ensure ventilation and privacy and to avoid 
overcrowding. Thus, it is prescribed that the plot is to be sub-divided 
into four quadrants. The north-east quadrant called manusakhanda is 
recommended as the ideal location for the actual building, which will 
bring prosperity. The south-west quadrant called devatakhanda is also 
good. This zonal restriction ensures that there is some gap between 
one house and the other. Again the outer vithi of the plot, called 
pisacavithi was supposed to be unfit for construction, for the obvious 
reason that the distance between one house and the other will be less. 

Eco-aesthetic considerations are also implicit in the unique 
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conception of an inner quadrangle (atrium) openmg to the sky, m the 
middle of the house. In this construction, the courtyard ensured I th 
there is proper ventilation and sunlight available to the inner parts o 
the house without unduly compromising security. Atrium was a 
ritualistic area also, as it served as the place where some important 
rites were performed. Provision was also made for jasmine creepers 
grow in the atrium, which ensured the splendour and fragrance of 
flowers within the house, also providing the most necessary touch of 
nature to human life. This is a legacy of the past, which we have sadly 
missed in our apartment life of modern times. 
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Ecological Awareness in the Vedas 

C. M. Neelakandhan 

On 4th March 1969, some students of technology in American 
Universities deserted their classes to protest against those branches of 
knowledge which aim at threatening the survival of human beings in 
the Universe.Their main protest was against the tendency of man to 
use the nature's resources in an unlimited manner. They argue that 
this will cause the complete destroyal of nature’s resources and finally 
become a threatening to the existance of humanity in this Universe. 
Actually this protest was the culmination of the awareness of modern 
man that tempted him to question the sanctity of modern science. As a 
result, a new branch of knowledge came into existance called 
‘environmental science’ or ‘ecological awareness’. This branch lodged 
in ‘nurture nature’ motto and includes in its scope all scientific attempts 
aiming at studying, nurturing and utilising nature without disfiguring 
her. 

The thoughts on environmental studies and ecological awareness 
have got wide acceptance all over the world today. The organisations 
like Sastra Sahitya Parishad in Kerala and India give much stress to this 
aspect also as one of their areas of activity. 

This environmental awareness is a reaction to the environmental 
chaos caused by the selfish technological developments. Today people 
are actually suffering from problems such as pollution, undue growth 
in population, imbalance in environmental cycles etc. But we can find 
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that ancient people belonging to various cultures were showing much 
concern to the environment in which they breath in, though no 
the full awareness of it as is conceived now. India also, from t e im 
of the Vedas, has propagated such thoughts through ancient texts ike 
the Vedas, Brahmanas and Sutra texts, a gl impse to which is the subject 
matter dealt with here. 

The main factor which prompted or promoted the ancient seers 
to show such a kind of preventive awareness is the a «' tude ° ^uman 
beings towards nature. This attitude is based on the relat.onsh p 
between man and nature. What a person thinks of himself m relation 
to the things around him, decides the attitude. If a person thinks o 
himself to be the master of the Universe, he will rule over all things 
he thinks to be a small part of the multi-varied, infinite, variegated 
wonderful Universe, he will know the pains of other beings and wish 
the well being of them. The Vedic seers had this feeling This is w. e y 
connected with the tenets of different philosophical * 
Sankhya, Yoga, Nyaya,Vaisesika, M.mamsa and Vedanta and 

heterodox systems like Buddhism, jainism and Lokayata or Carvaka 
developed in India from very ancient times. 

It is noteworthy that man in the Vedic age treats himself as a part 
of nature. The fact is well evident in the creation of myth. It is said that 
the whole world is a creation of Yajnapurusa. He has ^ted 
earth, air, water, light, space etc from h.s body. Al o he has created 
various creatures like horse, goat etc. Along with these, create 
human beings also. Here we do not find any special concession given 
toZan beings to surpass or master other factors. He is treated at par 
with all other things in the Universe. That is why in Yajurveda -man 
wishes the well being of other creatures and plants along , w. h h 
himself. In a verse, he describes lord Rudra as medicine for cow, hors , 

goat and for human beings. 

Tog- T| q | if I 

Suklayajurveda (SYV), 3.5. 
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In another verse, he wishes the well being of earth and heaven, 
ether and plants. He does not want these to be destructed: 

Rtf | 

ITT ^PTFjfspfr 3rfR$fhf)T TI-dR^ RT cHRIcTlH I I 

SYV, 1 1.45. 

While he cuts trees even for the yupa (sacrificial post), he thinks 
that the falling yupa should not harm heaven and earth: 

'dt RT STRICT RT f?RtT I SYV, 5.43 

In a hymn in Rgveda, water, air, trees and medicinal plants are 
invocated along with Gods like Indra and Mitra: 

cf?T WTft f^rrfteftTTT 

3TPT RjRRT I 

rmir r^curm*^ 

Rtf WWMW RT I Rgveda , VI 1.34. 2 7) 

Water Resources, Purity of Water 

Water is one of the most essential factors for life in this world. 
People from very ancient times were aware of its importance. One of 
the epithets for water in Sanskrit is (that which gives life) and 

other is SPJTT (nectar) which again conveys almost the same sense. 
Another hymn says that water contains nectar, all medical properties 
and the auspicious fire that gives prosperity to the Universe: 

■it mi Ref SRTferfMNrT <rrftfR7 i 

TPTJ TTlRT 315)41^ ml 14^)1 ft 

3rfftr r- fa^rgenr stptsr I \Rgveda,\ . 23 , 1 9.20 

The same hymn, with slight difference, is found in Atharvaveda 
also (1.1 . 4.4) 

Rgveda X. 75 describes rivers. Many rivers are mentioned there 
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by name with their characteristics. It is sard that some nver are pravat 
(that flow through slanted areas), some as nrvatas (that flow tKoug 
low lanL and some udvatas (that flow through upper parts like the 
:° o ; o^h-lls and mountains). This shows that the ,gvedic seers had 
some geographical concepts regarding the nature of rrvers. 

Reveda VII 49 2 describes different kinds of water sources which 
aS ain- contin ome scientific notions. According to the hymn water 
8 o, Tm of five kinds. Divyah (that are got from the sky, .e.from 

rainT sravantih (that are produced from springs), khanitrrmah (that are 
mad^ry dTgging earth like well and P on_ds), svayamjah (that are born 

naturally like lakes and seas) and samudrarthah (rivers t at ow o j 

the oceans). 


There was much caution against the pollution of water also 

a - -t-Trbr -a ftnsTdrr r rt faRRR : trtrtr 

the do_ y ^ , be taking caution against 

water by excreting 

in it or spitting or taking bath naked. 

Hym ThIre are many suktas in Rgveda that praise the greatness of Sun 
God. Some hymns mention certain powers of Sun wh.ch seem to av 
some scientific implications that have been accepteo by modern 
advocates of naturopathy. It is said that the rays of Sun have the powe_ 
m cure dangerous skin diseases. In the Vedic hymn it is named hanrna 
(some kind of dark green colour which is the colour °_ s ' n 
deep and decayed wounds spread all over the body) which may 
some disease like leprosy. Sun rays have the power to cure ,t. 


5 ill -4 fR4R? OTTIs^tKI ^9*1 1 

mr tt 4 TfftRRT R RT?TR II Rgveda, 1.50. 7 7 
Oh, Sun! you, rising up in the sky and travelling northwards, 
cure my heart and skin diseases. Sun rays are described here as havrng 
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the power to cure heart diseases also. 
The next hymn reads as follows: 


TWt ^ 1 I Rgveda, 1.50.12. 

Oh! Sun God! please give the greenish colour of my diseased 
body to parrots or green plants.The colour is an attraction and beauty 


for them. But, for the body, it is ugliness. Here again the medical 


power of Sun rays is mentioned. 


Osadhisukta 

One of the famous suktas of Rgveda is osadhisukta. Rgveda X.97 
contains 23 hymns that praise the osadhis or medical plants. Various 
thoughts on the patient, disease, doctor and the medicine are seen in 
those hymns. Ancient Indians believed that all kinds of plants had some 
medical power. We have story of Jivaka who was directed to fetch a 
plant that has no medicinal value. He failed in his mission which hints 
to the fact that all plants and trees are having some kind of medical 
value. The osadhisukta in Rgveda gives some meaningful hints to these 
aspects: 


Trhrsjtr ^mdl: snjcrfh' i 

3T3TT fcT TTTTTrtpfr cftejT I I Rgveda X.97. 3. 

The medical plants are like horses that take the diseased to the 
other side of the ocean of torture. They, shining forth with flowers and 
fruits, cure all diseases. 


HTTTTTT -H ft q i H I ^ M mdl 3p?T Rgveda X.97. 14 

Let one medical plant reach the other and act for the cure of 
diseases.Thus the plants, combined together, may help to eradicate all 
the diseases. Each medical plant has its own power. At the same time, 
they have a special power when they combine together with others 
(ausadhiyoga).The special power of plants when combined together is 
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also referred to here. 

Protection of Forests , 

Environmentalists are seriously concerned with the protection ^o 
forests by which the balance of nature can be retained. The Rgvedic 
seeTalso 7 were fully aware of this fact. Rgveda X.146 praises ore 
and stresses the need of their protection.There are six hymns 
sukta which begins as follows: 

3Ti u 4 1 *4 t u 4 I Pf TPTf ITT Cld I 

c{53JT 341-H-sT I I 

Here the goddess of forest is invoked. She is happy and contented 
to be in the solitude of the forest. She is not at all afflicted I with fear an 
is happy always. The second hymn in this sukta reads t us. 

aw 1 1 

. Different creatures in the forest produce the sound W - n t e 
night Other creatures also produce the same sound -m-tating th< , 
The goddess of forest, hearing the melody of music, gets delighted. 
The next hymn also is very important in this context: 

3cT 4TT ' 

Animals like cows wander freely and confidentially eating grass 
and leaves in the forest. Bowers shine forth like dwelling 
houses People from villages who come to the forest for collecting 
firewood, return in the evening with sufficient pieces of woo m eu 
hands All these descriptions indicate that the Vedic seers had great 
concern about the forests and they believed that they should be 
protected for a peaceful life on earth. 

^concept of da and rna Is very impodant in Vedic text.These 
concept are ve^ much related to the balance of the cosmic order. All 
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Gods are considered as the followers of the cosmic order and so are 
called rtapas OsftcT The word rta is used in different meanings 

like truth in general, a settled rule or law, sacred custom, divine law 
and divine truth. Even Gods do not want this order to be disturbed. 
This concept speaks of the balance of man, nature and the cosmic 
order. 

Also there are some mas or debts to Gods, the spirit of dead etc. 
like anc | Man should perform different rites I ike yagas 

to free him from the debts of Gods. He should perform the rites like 
sraddha to get freed from He should give water to the trees 

and plants and food to the birds and animals around his house. All 
these are for keeping friendship with them and for maintaining the 
balance between man, animals and other creatures and plants and 
trees in the nature. 


Protest against Violence in Yagas 

The strong protest against violence in yagas that arose among the 
Carvakas, Buddhists and Jains, had many implications in the history of 
Indian culture and philosophy. They strongly argued against the practice 
of killing animals in sacrifices. It is to be noted that the Carvakas 
ridiculed priests for cutting trees even for sacrificial posts : 

^§TPT feTTT cT-cH I 'J’txil ■hRucf>4 , H'H I 
(Carvakadarsana, Sarvadarsanasangraha) 

If one will reach heaven cutting trees, destroying plants, doing 
violence and spreading blood and flesh in the sacrifice, who else is 
qualified to reach the hell. Also they argue: 

TsftfcreW qfffsjfcl i 
qTPTFTT <TT ^vOTTST f&Wc} I I 
(Carvakadarsana, Sarvadarsanasangraha) 

If an animal killed in a sacrifice will reach heaven, then why 
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does no, the ya, amine give his own father in sacrifice to ensure heaven 
for him after death! 

Though these references have other contextual mnportance and 
implications the tone throws some light towards the, r views on 
ecological awareness also.They believed that killing animals an 
destroying plants and trees even for the purpose ofsacnf.ce, will cau 
imbalance in the nature’s order. 

Observance of Silence . . . 

Observance of silence was considered as no less a spintu 
activity as compared to the recitation of mantras which involves no.se 
Hence the student is advised in Apastambagrhyasutra to put firewoods 
into the ritual fire in the evening silently because, by doing so he 
becomes favourite to Prajapati. Many rites in different Grhyasutra are 
instructed to perform silently. The residuals of the an,ana .s to be 
anointed in the eyes of the bridegroom silently 

Many such rites are advocated in different texts to be performed s, eH y 
Similarly, restraining speech after the performance o f pnnapa 1 tes 
prescribed in connection with upanayana and samava^ 

Ana sta mbagrhyasutra states that the student, after adoring himself 
fhelrXlrtana, should observe silence till the stars appear m the 
sky The vow of silence smong the saints is famous. All sannyasms 
used to observe vow of silence for a prescribed period every yeanThe 

legend of Sri Sankara’s observance of silence connected w.th the 

dramatist Saktibhadra, is famous. Sound pollution is a difficult problem 
now faced by all of us. Can we think that the Ved.c seers had forsee 
the consequences of sound pollution and that is wny tney prescribed 
the vow of silence also in various rites and rituals! These po.nts are to 
be further discussed and subjected to deep analysis. 
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Environmental Awareness in 
Ancient India 

C.Rajendran 

Environmental problems have been the focus of attention of the 
industrialised world ever since the publication of Rachel Curson’s The 
Silent Spring (1962), an epoch-making work,which documented the 
harmful impact of the use of DDT on soil and the living organisms.The 
earlier belief that the nature could be exploited without any sort of 
inhibition became thoroughly shattered by this and similar findings, as 
man gradually came to realise the price he had to pay for the unbridled 
manipulation of nature. The enlightenment vision of man as posited 
against nature had to be given up in favour of holistic concept of the 
cosmos in which man also was a member. Nature no longer remained 
an inexhaustible resource to be exploited ruthlessly; her forests depleted 
and water polluted, the very existence of life on earth became 
problematic. Man became belatedly aware of the inbuilt safety- 
mechanisms in nature like the green-house effect and problems posed 
by phenomena like global warming, industrial pollution, 
depletion of forest wealth, the drying up of rivers and the like. In short, 
man became more environment conscious. Against this background, 
ancient cultures like that of India have a pivotal role to play in removing 
the slop-sided concept of development of the modern man and in 
offering alternate visions of development and well-being. It has, indeed, 
been widely acknowledged that it is the relentless vigil of traditional 


sects like the Vaishnoi group and Chipko movement, drawing on 
traditional wisdom, -which have prevented total deforestation in places 
like Rajasthan and Himachal Pradesh against the exploits of man s 
greed. If we delve deep into our traditional lore, the depth of the vision 
of our ancestors about our environment and the care they took to 
preserve it in tact shall astound us. Here an attempt is made to explore 
the environmental awareness reflected in Sanskrit literature. 

Even in the Vedic era, which represents the dawn of human 
civilisation, we find a holistic concept of the universe of which man is 
only a part. The Rgvedic poetry shows the early Indian’s intimate 
connection with nature. Most of the Vedic gods are personified forms of 
natural forces like sun, dawn, thunder, rain, wind and the like. But the 
most interesting concept in Vedic thought is related to rta, which signifies, 
apart from the moral order of the universe, its physical order as well, 
consisting of cyclic recurrence of day and night and other natural 
phenomena.The former somehow is regarded as the basis of latter. The 
ecological significance of this is its conceptual similarity with the delicately 
poised order in nature recognised in modern science. Ancient Indians 
regarded the cosmos as an orderly whole, and considered trees an 
plants as infested with life. Mahabharata explicitly states that trees have 
life since they grasp both pleasure and pain and grow if cut.' 

An interesting hymn in Rgveda is about aranyani, the forest 
goddess (X 97). The Rgvedic poet here describes the weird sights and 
founds of the forest at night vividly. Plants are often evoked as 
divinities, along with waters, rivers, mountains, heaven and earth. One 
entire hymn in Rgveda (X.97) is devoted to medical plants (osadhi) ■ 
The Vedic poets'also refer to birds and animals, rivers and mountains 
seasonal variations and other facets of nature. We see environmental 
awareness much more sophisticated in Atharvaveda which gives a 
prominent place to herbal medicine and as such shows amazing 
awareness of the medicinal value of plants. Actually, Atharvaveda 
advocates a psycho-herbal mode of treatment in that it prefaces the 
administration of herbal meidcine with the chanting of the appropriate 
mantra. The diseases mentioned include fever, leprosy, jaundice, 
dropsy, scrofula, cough, opthalmia, baldness, lack of vital power, 
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fractures and wounds; the bite of snakes or injurious insects, and poison 
in general; mania and other ailments 3 . Macdonell describes 
Atharvaveda as the oldest literary monument of Indian medicine . 4 

The Ayurvedic system of herbal medicine, which developed in 
India’s soil, shows the intimate relation between man and nature in 
ancient India. Ayurveda believes that prevention is better than cure 
and the best way of prevention of ailments is living close to nature. 
Accordingly, great importance is given for rtucarya, the ‘seasonal 
regulations’ by means of which we come to terms with the concerned 
season by way of appropriate food, exercise and lifestyle. Susruta 
maintains, in this connection, that kala or time, of which has the year 
as the body and the seasons the limbs is a major point of consideration 
in treatment. Of all, six seasons are accepted by Indian authors,viz., 
sisira (late winter), vasanta (spring), grisma (summer), varsa (rain), sarat 
(autumn) and hemanta (early winter). The first three seasons are regarded 
as seasons belonging to uttarayana or the northern movement of the 
sun and human body is supposed to be weak due to this. On the other 
hand, during the next three seasons, when the sun undergoes the 
daksinayana phase, man is invigorated due to this seasonal movement. 
Picturesque descriptions are given in works like Vagbhata’s 
Astangahrdaya about the various seasons and the change they bring 
about in the environment. Thus in hemanta, the sky becomes smoky, 
atmosphere foggy, and the sun less hot. With cold winds blowing, 
there will be a tingling sensation in teeth and horripilation in body. 
Beautiful flowers like lodhra, priyangu, punnaga and lavali surround 
the earth. Since digestion becomes strong, more sweet/saline/sour food 
is required. Since a person becomes hungrier in the morning, he should 
eat heavy breakfast. Massaging and wrestling are suggested to keep the 
body fit. The same life-style is suggested for sisira, the late winter also. 

In the spring season, which is portrayed very poetically, there is a 
sudden spurt of flowers and birds as well as bees become 
vociferous. The phlegmatic humour (kapha) gets aggravated in the body 
and produces nausea and indigestion. Strong inhalation therapy is 
prescribed to check this. Exercises and light food, consisting of old 
barley, wheat, honey as well as the meat of animals dwelling in arid 
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tips suggested to fight the heat. 

In the rainy treason, i. is said that .here is suppression aafrhe power 

sail rice, meat of forest animals, garllic, old alcohol, curd, • 

The autumn season (sarat) suddenly exposes one’s body, 

avoi^exposure todew, alkalinefool curd oil, animal fat exposure to the 

sun, strong alcohol, sleep during daytime and eastern w.nd. 

, Ayurvedic texts also refer to perversion of the 

aneienu^ans were aware o, nrany environmental problems as of today. 

Environmental problems are addressed to in works hke Arthasastra 
also, when dealing with settlement problems and the construct. 
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new cities. Kautilya shows astounding ecological awareness when he 
maintains that sanctuaries (called abhayavanas) are to be set apart for 
wild animals 5 . Private parties who come forward to set up a garden or 
orchard are to be encouraged by the state 6 . The land not used for 
agricultural purposes is set apart as grazing ground for domestic 
animals 7 . Kautilya refers to three types of forests, viz. those used for 
hunting (mrgaya), those for timber and other forest products and those 
for elephants 8 . There were provisions in the law to punish people 
hurting animals and capital punishment was accorded to a person 
killing an elephant 9 . Fine is prescribed for cutting down trees and 
branches of trees. 

Ecological aspects are taken into account in town planning also. 
Sanitation and water supply are given top priority by Kautilya. He 
maintains that some gap should be maintained between two 
houses.There should be provision to remove waste water from the 
buildings. If the drainage system is obstructed by somebody, it invites 
severe punishment' 0 . Kautilya has also given astoundingly clear 
instructions for keeping the stables for horses and elephants clean with 
proper sanitary arrangements and separate fodder compartments so that 
food is not contaminated. Further, throwing up dirt and debris on the 
public road, contaminating public places with urination and disposal of 
corpses and carcasses of animals etc. are expressly prohibited". Kautilya 
also refers to natural calamities like fire and flood, epidemics, famine 
and pests and environmental degradation brought about by them and 
suggests remedial measures also, whenever possible. 

Ancient Indians gave utmost importance to environmental 
engineering when planning settlements or building new houses. 
According to Devipurana, the first thing to be done is the plantation of 
trees: the building of the house should follow' 2 . According to house 
construction manuals like Manusyalayacandrika, environmental 
considerations like the nature of the soil, its slopes, flora and the like 
are to be taken into account before one selects a site for residential 
construction' 3 . The work also prescribes as to which plants are to be 
planted on different directions of the compound. Plantation of a tree is 
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regarded as an auspicious deed and I cutting diown a tree a 

as a sin. According to Matsyapurana ^ „ „ ee is equa l 

tree is equal to ten lakes, a son is eq emotional bond 

to ten sons .' 4 Such pronouncements bring tortn ^ al . ,f 
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Environmental Activism 

P.V. Ramankutty 

Ecology, environment, bio-diversity, natural resources, pollution 
and waste management are terms that are being frequently used in the 
modern parlance and they have assumed great gravity and significance 
over the last forty years not because of their conceptual novelty but 
because they are intimately interlinked with the problem of the survival 
of humanity on this planet. Ecological awareness or environmental 
consciousness gained meaningful impetus throughout the world in the 
1960-s and ecological and environmental movements constitute one 
of the significant social movements today. As far as our country is 
concerned, the core issue that generates environmental problems is 
the scarcity of prime adequate resources like water, electricity, fuel, 
home to live as well as conveyance facilities. 

The word environment generally means the natural conditions 
of land, air and water in which humans, animals and plants co-exist. 
The term is also used to describe rivers, forests and mountains in relation 
to the life of human beings. Ecology also imbibes the idea of the natural 
relationships or the study of natural relationships between flora and 
fauna and the people and the places where they inhabit. 

Environmental and ecological consciousness was, naturally, more 
intense in ancient India where life did not have the complexity it 
assumed later. Vedic and classical Sanskrit literature depict human 
situations against the backdrop of the varied scenes of natural beauty. 
Forests, mountains, valiey, streams and rivers appear with their 
refreshing loveliness and man’s existence on earth is pictured to be 
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fraud; what the poor need is livelihood” - observes L.C. Jain, 2 former 
member. Planning Board. Even if cash compensation is given on the 
basis of the most recent land-sale nearby, the poor will spend it on 
things they like best with the result that by the time the projects are 
commissioned, they would have become paupers. The displaced poor 
should be rehabilitated in such a way that their right to live and find a 
livelihood is protected. 3 Such a practice must be there in the 
rehabilitation and settlement programme. 

The multinational corporations are exploiting the natural resources 
of third world countries including India and in the process they destroy 
environment. 4 At the same time they will be clamouring for ecological 
balance and environmental protection. 

Environmental Movements 

It is against such a background that environmental movements 
slowly emerged. They began in the West and over the last forty years 
they have spread far and wide in the third world countries including 
India. Environmental struggles are sometimes waged unsuccessfully. 
One of the arguments often levelled against environmental activism is 
that it is against the development of the country especially at a time 
when the country needs rapid industrialisation to counter the problem 
of unemployment. But the environmental movements are not against 
the development of the land but against the manner in which the natural 
resources are destroyed in the name of development. 

Significant Initiatives 

Some of the significant initiatives in the country on environmental 
activism are detailed below: 5 

1 . Movement against Sardar Sarovar Bhopalpatnam and Inchampalli 
dams in Madhyapradesh and Maharashtra. The area where the 
dams are built is inhabited by Gond tribals. The movement is 
backed by all political parties. It was led by well-known 
environmentalists like Sundarlal Bahuguna and Baba Amte. 
Government committees later started assessing the 
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The Kerala Scene 

Being a thickly populated State whose people have attained a fair 
degree of literacy, Kerala, over the last four or five decades, has grown 
into one of the most ecologically conscious regions of the country. 
Environmental awareness has gone deep into Kerala psyche. An average 
Keralite is now more conscious of that which surrounds and affects his 
life. He is now well aware that pollution caused to air, water and earth 
will adversely affect the natural quality of the environment. His mindset 
is currently more eco sensitive to make out that a peaceful co-existence 
of plants, animals and human beings is what is natural and everything 
else is unnatural. 

Kerala’s environmental problems can be subsumed under the titles 
namely, forest, agriculture, irrigation and drainage, aquatic living 
resources, animal husbandry, urbanisation and housing, mining and 
quarrying, energy, industry and transportation. 7 

Deforestation has been a problem in Kerala over the last several 
years. The media has been bringing out several instances of illegal free 
felling which adversely affects the eco system of the land especially 
because forests in Kerala are great centres of biodiversity. This issue is 
also related to the life of tribals who are thrown out of their homelands 
for some reason or other. They are presently on the path of agitation 
over the non-distribution of adequate land to them. Afforestation by 
planting eco friendly trees and urgent steps to protect the existing 6600 
Square Kilometres of forestland are the need of the hour. Problems 
related to the improper use of available agriculture land, unscientific 
use of chemical manures and pesticides are also there. The 
disproportionate nature of the cultivation of cash crops, speedy 
transformation of agriculture land as house-plots constitute part of the 
ecological issues of the present day Kerala. So also shortage of drinking 
water to millions in a land where we get comparatively better rain 
falls, unscientific water management, mechanised fishing marring the 
ecological balance of oceans and the day to day life of artisanal 
fishermen, the slow but steady death of rivers, lakes and other water 
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4- Churakkund forest protection struggle. 

6-' Local movement ^ ^ 51661 ^ *" Palakkad - 

^- ares . ugg :~:;2 t ;^rr rainKannur - 

'ndulding Nila and Pampa. ,<>r nVer5 Kerala 

S- There are movements almost in all cities aeainst the a 

, s~r; uen r l,u,ion - 
- area bv ,hc coco - 

i " and ' nhabi,anl5 of Padre village 
Raticide which h” a d S , « USe °' End »“" a n. a deadly 
people in the locality . V ““ ^ ^ °< h *P>™ 

"'p^cZy^Z^ZT ,he granarV ° f Kerala - for the 

Conclusion 

d ams are being bull, or 

Government as well as the nm I « he y continue to haunt the 

the hardships experienced b P ^ ** ^ ' n SOme p >-es 

the construction of huge 1 ^ ^ indirect,y affected by 

successive governments Th T & be6n comp,ete, y neglected by 

dams is seen considerably^ ° ated , planned Utilit V of < certain hugl 

practice. I n such cases 0 Z th™* aCtUal Utility is put int o 

crop will be much ,ess than wh ?"* * "h 831 '' 0 " and the ° utput <* 

places where larger dl! h" h ^ A S-", in some 

light that salination and T 66,1 bUllt ' Studles have brought to 

croplands. Several experTf^ °if m8 ^ deStroyed vast expanse of 

of large irrigation systems Alt ^ tD qUeStlon the ver y usefulness 

systems. Alternate eco-friendly small-scale projects 


336 


En vironm en tai A ctivism 


have been proposed to be put to use. Indeed environmentalists like 
Medha Patkar, Arundhati Roy and Anil Agarwal are of the view that 
big dams are unnecessary and that community based rain-haversting 
is enough to counter the threat of drought. 8 There is a society for people 
participation in eco-system management (SOPPECOM) led by R.Datye 
of Bombay. This organisation has put forward an alternative proposal 
for Sardar Sarovar dam. The alleged nexus between construction lobby 
and Government agencies is also being highlighted. 

Grass-root level environmental activists are organising 
get-togethers to share their experiences and to see that a parallel 
eco-friendly concept of development is introduced in the country. 
Such a concept and subsequent practice of the same after proper 
deliberations will be able to protect the environmental or ecological 
harmony and balance without which humanity cannot survive in the 
days to come. A special issue of the Time Magazine was published in 
November 1997 solely dedicated to ecology and environment, which 
highlighted the latest problems in the field and solutions for the same. 
The magazine sought to emphasise that saving the environment is the 
biggest challenge that the 21 st century has to confront. 

Environmental activism for maintaining the natural quality of 
environment by checking the addition of anything to air, water and 
land, is to emerge from voluntary groups and agencies formed by people 
who are ecologically well conscious. 9 They must function irrespective 
of political affiliations. At the same time they must have a healthy, 
progressive political commitment, which means a painful consciouness 
of what we are continuously losing and what is at stake in the present 
day world. Movements launched by such meaningful attempts by 
devoted people will bring out remarkable results. When communities 
assert their right to decide how their resources will be used, 
Governments are forced to listen, albeit through legal intervention - 
observes the Survey of Environment conducted by the Hindu in 1999. 

References 

1. See Preface to The Fight for Survival, Centre for Science & 


337 



Indian Scientific Traditions 

Environment, New Delhi, 1967. 

2. Down to Earth Magazine >, New Delhi Aug 31, 2002. Another 

significant publication is the Citizens Report on the State of 
Indian Environment, The Centre for Science and Environment, New 
Delhi. 

3. Ibid, Observation made by B.G. Verghese in an article, p.49. 

A. The Fight for Survival, p.2 

5. Encyclopaedia of Ecology and Environment by Dr. Priyaranjan 
Trivedi, Indian Institute of Ecology & Environment, New Delhi, 
Vol.10. 

6. G. Gopinathan Nair’s Malayalam translation of Ecology and 
Equity by Madhav Gadgil and Ramachandra Guha, Kerala Sastra 
Sahitya Parishat, 1995, pp. 177-1 80. 

7. The document submitted by Kerala Sastra Sahitya Parishat to the 

Govt, of Kerala in 1993. pp. 1-58. 

8. The Hindu, July 13, 2000. 

9. Sunaarlal Bahuguna in an article written on Kerala observes that 

most of the environmental groups in Kerala are in cities and they 
make a lot of noise doing nothing and adds that Kerala also has 
small groups of serious nature-lovers. See jiviiattilekku Matahhuka, 
Malayalam translation of Sundarlal Bahuguna’s book by P.K. 
Uthaman. Modern Books, Sultan Battery, Nov.2001, p.109. 

❖ 


338 


Arthasastra 

Scientific and Technical Aspects 

p. V Narayanan 
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weaponry, liquor manufacture, textile industry and so on. In short, a 
number of scientific and technological subjects have been treated in 
Arthasastra on par with the science of law and administration. A general 
survey of such topics dealt with in Arthasastra is made here. 

Agriculture 

Arthasastra is the earliest available literary source which gives 
elaborate description about agricultural practices prevalent in early 
India. The work provides copious information on agriculture in 
chapter 1 1 .24. In the administrative set up envisaged in Arthasastra, 
there was a distinct department to look into the affairs of agriculture. 
The head of this department was known as s\tadhyaksa- Superintendent 
of Agriculture. S\tadhyaksa was expected to be conversant with the 
practices of agriculture such as suitability of soil, ploughing, preparation 
of land and selection of proper seeds, water divining and the science 
of rearing plants on one hand and the amount of rainfall that was 
expected to occur in different seasons of the year on the other. 

Agriculture was the most important state activity. Kautilya is of 
opinion that “cultivable land is better than mines, mines fill only the 
treasury while agricultural production fills both the treasury and the 
store house.” The land according to their nature was divided into 
different categories, as krsta (ploughed or cultivated), akrsta 
(uncultivated), sthala (ground), kedara (wet-field), arama (parks), sanda 
(vegetable gardens), vata (sugarcane plantations) and mulavapa (field 
for the cultivation of roots). Another division in accordance with the 
geographical and climatic conditions is also seen. They are jangala 
and anupa. Of these, jangala is dry land and anupa is wet land. In 
classifying the fields for agriculture, regional differences and 
characteristics also had been given due attention. Asmaka (Maharashtra 
region), Avanti (Malva region), Aparanta (Konkan region) and Haimanya 
(regions near by Himalaya or snowy regions) are the areas thus referred 
to in Arthasastra. 

A large number of crops were cultivated in different seasons. Sal i 
and vrihi are two varieties of rice. Godhuma (wheat), yava 


341 



Indian Scientific Traditions 

(barley), kodrava (Paspalum scrobicalatum), varaka (Phaseolustrilobus) 
and priyangu (millet) are other cereals specified. Lentils and beans 
include mudga (Phaseolus mungo), masa (Phaseolus radiatus) saimbya, 
udaraka and kulattha (Dolicus biflorus), tila, kusumbha (Crocus sativas) 
kalaya and sarsapa (mustard) are the oil seeds recommended for 
cultivation. Vegetables and edible roots also are referred to. Besides, 
several perfumery plants, medical herbs like usira (Vetiveria ziznioides) 
hribera and pindaluka (Trewia mdiflora?) and different kinds of spices 
are enumerated. In addition to this, reference to long pepper, sugarcane, 
seed of pulses, plantain etc also can be seen there. 

Arthasastra testifies to the fact that the farmers had the knowledge 
of corporation (1 1 .24). It recommends three crops in a year with crop 
rotation. Kautilya specifies the land suitable for every crop. Sowing of 
crop was determined in accordance with the availability of water, 
nature of land and season. Seeds are prepared accordingly. Numerous 
methods for the treatment of different seeds and plants are described 
in it. Plant protection was given proper attention. Reference to fertilizers 
to be applied to the seeds prior to sowing and after the formation of 
seedlings is available in Arthasastra. Some mixtures which serve the 
purpose of germicide are also mentioned. Details of rain fall and 
harvesting are also described. 

Irrigation 

Arthasastra mentions very many aspects of irrigation. 
Abundant reference to dams and canals and management of canal 
water including levying tax etc. are found in various chapters in 
Arthasastra. Different methods were employed for irrigating crops. In 
addition to manually activated irrigation , animals and machines also 
were used. The work clearly mentions a srotoyantra, which may be 
understood as a mechanism for transporting water from one level to 
another, which will be brought through channels to the fields. 
Unfortunately, neither the text nor any other contemporary source gives 
information about such mechanism. The taxation of irrigation 
administration depicted in Arthasastra remained almost the same in 
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India till the British period. Thus, it can be said that the informa.ion 
provided in the text clearly is an indication to the existence of a well- 
developed agricultural system. 

Animal Husbandry , anir _ al<i 

A vast amount of knowledge regarding various .ypes of animals 
belonging to different species is furnished in Arthasastra. The topics 
dealt with in it include the regulations for the protection of w.K . fe 
punishment for cruelty to animals, food-rations for domes ic 
animals, breeding of animals, regulation on grazing, responsda.I.hr of 
veterinary physicians, construction of sneds and stables . 
chapters in the work exclusively deal with animals Three separa 
officials were appointed to look into the matters related to amma s. 
Theyare'^godhyaksa, asvadhyaksa and hastyadhyaksa. Reference to 
many wild animals also are seen. 

Cattle-rearing was a prominent economic activity of the state. 
Kautilya advises to keep regular accounting for animals. Milk was 
main product served by cattle. Wool of sheep and goat was 
another animal product.The meat of cattle was used as food subjec 
certain restrictions. Products such as skin, teeth, hooves and horn also 
were the aim of cattle rearing. 

Breeding of domesticated animals was also thought of. Kautilya 
recommends the ratio of male and female animals with regard to 
breeding Great attention was paid to horses and elephon s, a . . . , 
were «», animals. Description of treatment of horses ,n them 
confinement, routine of elephants, characteristics of best horses *nd 

elephants, capturing and training of elephants, setting up of sanctuaries 

etc are available. 

A large number of rules and regulations are laid down by Kautilya 
for the protection of animals. Hurting, killing, inciting i ing etc o 
animals were considered as grave crimes. Capital punishment was given 
to those who kill elephant. Kautilya furnishes a long list of cruelties 
against animals and different punishments suggested to them. 
Regulations for the protection of wild life, responsibility of veterinary 
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doctors, control on slaughter etc. are some other topics dealt with. It is 
noteworthy that the torture of even those animals which are permitted 
to be slaughtered was strictly prohibited. Slaughter of young and female 
animals and castration of male animals were restricted. Some species 
of birds and small animals were declared as protected ones. 

Architecture 

Arthasastra deals with architecture in seven chapters.Technical 
details of forts, fortified city, town planning and military and residential 
buildings have been described. Right from the selection of site upto 
the plastering of wall for safety are discussed in detail. Kautilya in this 
context defines vastu scientifically: “grham ksetramaramah 
setubandhastatakamadharo va vastu”. As per this, any kind of structure 
and its engineering can be called vastu. The work provides highly 
technical details of construction of parikha (moat) and wall for the 
protection of the fort. Various structures such as secret chambers for 
defending advancing enemy, watch tower to be erected on the fort- 
wall also are described. Precautions to be employed for protection 
from fire, hidden passages for escaping during the hour of danger, 
outlets for water, devices for strengthening doors etc. are furnished. ’ 

Details of laying out of the fortified city are significant. Different 
types °f highways, roads and small-paths to be constructed in city are 
described. Architectural details of construction of royal palace with 
many enclosures and sectors explained in Arthasastra are enough to 
amaze even an expert. Apart from this, foundation of base-camp and 
building of stables, different types of work shops, garden, ware-house, 
prison, store-house for forest produces and construction process of 
treasury with strong and secret arrangements have also been delineated 
in Arthasastra from highly technical view point. 

Kautilya speaks of the residential houses of common people also. 
He lays down many rules and regulations to be maintained during and 
after the construction of popular houses. They include, the distance to 
be observed from neighbour’s boundary, minimum gap between the 
walls of two houses where people used to reside together in communes, 


things to be considered while fixing windows, conditions for 
constructing temporary structure in the compound and drainage 
facilities to be provided for waste water and rain water. The rules and 
regulations referred to in Arthasastra have very much resemblance 
with current municipal laws in general. 

Mining and Metallurgy 

The economic prosperity of a country mainly depends upon its 
mineral resources and manufacturing industry. This fact was realised 
well by Kautilya. He says , “the treasury has its source in the mines; 
from the treasury the army comes into being; with the treasury and the 
army the earth is obtained with the treasury as its ornaments” (11.1 2.37). 
The chapter 11.12 in Arthasastra is exclusively devoted to describe this 
topic. Descriptions of mines, ores of different metals, extraction 
processes, methods of purification, hardening and softening of metals, 
making of alloys, transmutation of metals, manufacture of ornaments 
of complex nature with precious metals etc. are given. 

According to Arthasastra the ‘mines’ constitute “gold, silver, 
diamonds, gems, pearls, corals, conch-shells, metals, salt and ores 
derived from the earth rocks and liquids” (11.12). The authority of all 
works connected with mining was khanyadhyaksa - Director of mines. 
He must be a person well-versed in the science of metallic-veins in 
the ground, metallurgy, alchemy and smelting and also an expert in 
the art of colouring gems (11.12 and Bhasakautaliya, part II, P.113). 
The mining wing was manned by several skilled workmen and also 
equipped with necessary apparatus.. 

The prospecting work of mining was conducted in old mines as 
well as in new ones. Means of inspection and recognition of old mines 
are given in the text. Although production would be comparatively less, 
the mining in old mines might have been profitable as the investment 
was less. Mines were categorised on the basis of their nature. They were 
functioned in hill-areas, on banks of rivers and forests. The informant of 
mine was rewarded with one-sixth part of the income from such mine. 

Gold, silver, copper, lead, tin and iron were the metallic ores 
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mined. Another ore called vaikrntaka was also referred to in Arthasastra. 
But, it has not been identified yet. The nature and 
characteristic of each ore is described. Kautilya advises various 
chemical processes for the extraction and purification of ores. One of 
the techniques of treatment of golden ore called “flotation process” 
referred to in Arthasastra is employed even today by 
metallurgists. 3 

A detailed description of numerous works on gold and silver such 
as plating, embedding, fixing stones etc. is given in Arthasastra in two 
chapters. The means of pilfering and adulteration practiced by 
goldsmiths and silversmiths during the course of manufacturing and 
testing of articles are explained. Different varieties of touch-stones are 
mentioned. Several alloys of gold and silver, gold and copper, silver 
and copper, copper and iron etc. are described. The ratio of 
combination is also specified. Arakuta (brass), vrtta (sheet), kamsa 
(bronze) and tala (bell-metal) are the popular alloys. Besides, triputaka 
(copper and silver), svetatara (gold and silver), veilaka 
(silver and iron) are mentioned. Liquids extracted from plants, urine 
and excreta of animals and natural alkalies had been used for different 
metallurgical processes. Smelting of metals and different types of 
crucibles, objects to be added for softening and hardening of metals 
etc. require deep interrogation. 

Gemmology 

Arthasastra li.11 deals with precious stones like gem. The place 
of origin of different gems, their characteristics, identification of original 
items, manufacturing of various types of ornaments with them etc. have 
been discussed. Diamond (vajra), pearls (mauktika), gem (man's) and 
coral ( pravala ) are the precious stones dealt with in Arthasastra. A 
large number of subsidiary types of gems are also named. Reference to 
artificial gems too occurs in it. As in the case of other branches of 
knowledge Arthasastra is the earliest available work on lapidary. 

Coinage 

The state was the sole authority of minting coins. All the works 
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right from manufacture upto ensuring effective circulation of currency 
were carried out by two dignitaries named laksanadhyaksa (D.recto 
of Mints) and rupadarsaka (Coin Examiner). Coins of silver and copper 
were in vogue. No clear reference to gold com is found in the 
Arthasastra. Iron and lead had been used as hardening agents. D.ffere 
denominations were minted observing different proportions of pr me 
metal and hardener. Silver coin was known as pana. It had too 
denominations - one pana,1/2 pana.MA pana and 1/8 parja. Coppe 
too had four denominations.They are masaxa, hal. masaka, kakan 
and half kakani. The value was varied on the basis of theamoun^o 
hardening sustenance. The highest one pana and lowest half Kakan 
had a difference of 1 :1 28. 

The name laksanadhyaksa is considered as a reference to ihe 
existence of punch-marked coins. The Coin Examiner was the authority 
to regulate the coinage. Counterfeiting of currency was a great headache 
for the state. Heavy punishment was given for counterfeiting of com 5. 

In case of detection of counterfeiting the manufacturer was banished 
away from the country. If any spurious coin was found, it was cut into 
pieces with a view to prevent it from getting into circulation agam.The 
instruments for minting coins are stated by Kautilya, though the actual 
process of minting is not explained. 

Weaponry , 

Arthasastra sets apart a whole chapter to describe the 

ordinance required for army. The officer in charge ot armoury was 
known as ayudhagaradhyaksa. Weapons are divided into eight sub 
groups according to their nature and use. Numerous varieties of arms 
were there in each of those categories. They are generally classified 
into two types as mechanical weapons and common arms. Mechanical 
weapons are mentioned by the terms sthitayantra and calayantra. Yantra 
generally means a machine or mechanical contrivance. Sth.tayantras 
are fixed-machines and calayantras are weapons based on mobile 
mechanism. Use, purpose and form of each weapon are narrated by 
Kautilya. Along with the common arms like bow, arrow, sword, and 
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spike some varieties of weapons which could be thrown to enemies 
from a certain distance are also described. Besides, description of armours, 
shields and other accoutrements for war also is found in Arthasastra. 

Mensuration 

Chapters II. 19 and 20 deal with weights and measures. The 
authority that was responsible for standardisation of weights and 
measures was called pautavadhyaksa (Superintendent of 
Standardisation). Another authority known as manadhyaksa was 
concerned with the measurement of space and time. Many different 
units were used for linear measures, weights, area measures and 
volume measures. Description of measurement of time shows very 
much affinity with astronomical systems. Kautilya gives details of 
manufacture of different weighing and measuring instruments. Regular 
inspection and stamping of instruments and articles used in weighing 
and measuring are explained by him. It would be clear from a close 
observation that the Kautilyan metrology was based on sophisticated 
methods of mensuration. 

Textile Industry 

Cotton, silk, wool and jute were the raw materials for making 
clothes. Dyeing of clothe was practiced. Sutradhyaksa was the official 
posted to look into the affairs related to textile production. Spinning 
work was mostly done by women and weaving by men. Wage for the 
work was calculated on the basis of the amount of product 
manufactured. 

Liquors 

A whole chapter is devoted to discuss the liquor industry.The 
manufacture of alcoholic liquor was predominantly a state monopoly. 
Specific exceptions were, however, provided for physicians making 
various aristas, alcohol-based medicines and liquor-like fermented 
fruit juices. Medaka from rice, prasanna from barley-flour, asava from 
sugarcane juice, maireya from jaggery and madhu from grape juice 
were the important alcoholic beverages. Aristas were made for 
medicinal purposes. Different varieties of liquors were manufactured. 


The basic types were sara and kinva. They were made by fermenting 
bean-pulps. Spices and fruit juices were used for flavouring them. Some 
other items were made with wood-apple or bark mixed with jaggery or 
honey. Wine from grape was also manufactured. Sahakarasura was 
the liquor made from mango. Suradhyaksa (Chief controller of alcoholic 
beverages) was responsible for all affairs in this regard. 

Preparatrion of Documents 

Documents, letters and edicts play a crucial role in 
administration. Kautilya enumerates the characteristics of various 
documents, their types, defects etc. in II. 10. The royal scribe was 
known as sasanadhyaksa. He was expected to have thorough 
knowledge of all conventions, be quick in composition, and have good 
handwriting and must be able to clearly read documents and edicts. 
Topical order, non-contraction, completeness, sweetness, dignity and 
lucidity are the main features of good document. Different types of 
documents such as informatory, commands, awards, exemptions, 
authorisation, guidance and response proclamations are described by 
Kautilya. The manner of preparing a document also is mentioned as a 
valuable source in the study of science and technology in early India, 
particularly during the age of Mauryas. 
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